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VENTRICULAR    FIBRILLATION    J\    THE    RAT'S    HEART. 

By  J.  A.  GUNX. 
(From  the  Phanmicology   Laboratory.   Oxford.) 

One  of  the  facts  which  has  been  most  clearly  established  in  regard  to 
fibrillation  of  the  heart  is  the  extraordinary  difference  in  the  susceptibility 
of  the  hearts  of  different  species  of  animals  to  this  condition.  Thus  in  regard 
to  the  isolated  heart,  ""  spontaneous  ""  fibrillation  occurs  not  infrequently 
in  the  cat's  heart  ;  rarely,  if  ever,  in  the  rabbit's  heart.  A  similar  difference 
holds  good  in  regard  to  the  facihty  with  which  fibrillation  is  artificially 
produced  in  the  hearts  of  those  animals  ;  e.g.  by  faradic  stimulation  of  the 
heart's  surface.  Lentil  recently^  the  rat's  heart  has  not.  to  my  knowledge, 
been  used  for  perfusion  experiments,  and  it  has  been  found  that  the  heart 
of  this  animal  is  even  more  liable  to  spontaneous  fibrillation  than  is  that  of 
the  cat.  The  frequent  occurrence  of  fibrillation  in  the  rat's  heart  has  afforded 
many  opportunities,  not  alwaj-s  welcome,  of  observing  this  phenomenon. 
I  may,  however,  state  at  once  that  I  have  been  no  more  fortunate  than 
other  observers  in  determining  invariable  antecedents  of  its  spontaneous 
occurrence.  In  the  exj^eriments  to  be  recorded  the  heart  was  perfused  by 
Langendorf's  method  with  Brodie's  apparatus  or  some  modification  of  it. 
As  the  perfusing  solution  Locke's  formula  (without  glucose)  was  employed. 
The  contractions  were  recorded  by  a  hook  in  the  ventricle  connected  with  a 
lever  in  the  usual  way. 

In  the  rat's  heart  there  appear  to  be  two  (symptomatically  but  not 
necessarily  fundamentally)  distinct  types  of  "  spontaneous "  ventricular 
fibrillation. 

L  The  first  kind  of  fibrillation  occurs  in  hearts  \\liich  are  beating 
regularly  and  well  and  with  the  usual  frequency.  Fibrillation  of  the 
ventricle  comes  on  suddenly  and  may  last  for  a  few  seconds  and  as  suddenly 
disappear,  giving  way  to  the  resumjjtion  of  contractions  slightly,  if  at  all, 
deteriorated  in  rate  and  amjjlitude  from  those  which  obtained  before  the 
onset  of  fibrillation.  A  single  attack  of  such  fibrillation  rarely  leads  to 
permanent  arrest  of  the  ventricle.  UsuaU}-  fibrillation  recurs  several  times, 
often  with  complete  temporary  or  (during  the  time  of  the  experiment) 
permanent  recover}-.  In  those  cases  in  which  recovery  from  fibrillation 
does  not  take  place,  fibrillation  passes  off  into  permanent  arrest  of  the 
ventricle  in  the  systohc  condition. 

The  characteristics  of  this  type  of  fibrillation  are,  therefore,  (1)  its 
sudden  occurrence  in  a  heart  which  is  beating  weU  ;  (2)  the  possibihtj'  of  its 
recovery  ;  (3)  its  giving  rise,  when  recovery  does  not  take  place,  to  systohc 
arrest  of  the  ventricle. 
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'I'hose  efTpcts.  follow  iiia  clusrly  on  one  another,  arc  shown  in  Fig.  I ,  ^liere 
a  first  attack  of  lihrillation  uucmring  siuldenly  is  followfil  hy  almost  conipli'te 
reinstatement  of  the  ventricular  contractions,  a  second  attack  by  deterioration 
of  the  contractions,  and  a  final  attack  leads  to  permanent  systolic  contraction 
of  the  ventricle. 

It  has  long  been  known  tliat  ventritular  fibrillation  may  he  induced 
by  occlusion  of  the  coronary  arteries.  In  the  perfused  heart  a  simi)le  method 
of  producing  fibrillation  for  demonstration — or  for  some  experimental — 
purposes  is  by  blocking  the  coronary  arteries  by  admitting  an  air  embolus 
into  the  fluid  in  the  jjerfusion  cannula.     When  ventricular  fibrillation  is 
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produced  in  this  way,  the  resultant  effect  is  precisely  the  same  as  that 
described  as  the  first  tyiie  of  fibrillation  ;  that  is  to  say  (1)  fibrillation  may 
last  only  for  a  few  seconds  and  recovery  be  complete  ;  (2)  it  may  recur 
(usually  at  a  short  interval  after  the  first  fibrillation)  :  or  (3)  it  may  pass  into 
permanent  arrest  of  the  ventricle  in  the  systolic  position. 

Fig.  2  shows  ventricular  fibrillation  produced  bj'  air  embolus.  A 
second  fibrillation  occurred  al)out  a  minute  after  the  first  (possibly  due  to  the 
further  passage  of  air  through  the  ves.sels)  and  the  heart  showed  no  further 
signs  of  fibrillation  during  the  remaining  time  of  the  experiment  (30  minutes). 

2.  The  second  tyjJc  of  fibrillation  is  met  with  under  the  following 
conditions.     A  heart  may  beat  infrequently  from  the  beginning  oi  perfusion, 
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or  it  ina\-  l)egin  at  tlic  usual  rate  and  tlie  frequency  diminish  gradually  or 
suddenly,  the  heart  in  either  case  eventually  heating  slowly,  but  not  feebly, 
and  witii  long  dia.stoUc  pauses.  The  ventricle  may  then  begin  to  fibrillate 
in  a  very  definite  \\  ay.  Every,  or  almost  every,  contraction  of  the  ventricle 
is  followed  by  a  longer  or  shorter  jieriod  of  fibrillation,  after  which  the  ventricle 
relaxes  into  the  position  usual  to  it  at  the  end  of  diastole.  A  diastohc  pause 
ensues  followed  by  a  normal  contraction  wliich  again  gives  rise  to  fibrillation. 
This  condition  may  persist  for  many  minutes,  fibrillation  being  in  some  way 
consequent  (in  time)  upon  the  ventricular  contraction.  This  kind  of 
fibrillation  leads  to  arrest  of  the  ventricle  in  diastole,  and  I  have  on  no 
occasion  seen  the  resumption  of  normal  regular  contractions  following  this 
type  of  fibrillation. 

Varieties  of  this  type  are  illustrated  in  Fig.  3  and  4  which  are  tracings 
taken   from   the   same   heart.     Fig.    3   shows   short    periods   of   fibrillation 


Fig.  3. 
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Fig.  4. 


occurring  after  the  majority  of  co-ordinate  contractions  :  Fig.  4  shows,  with 
longer  diastolic  pauses,  the  occurrence  of  more  prolonged  fibrillation  after 
every  co-ordinate  contraction. 

The  characteristics  of  the  second  type  of  ventricular  fibrillation  are, 
therefore,  (1)  its  occurrence  in  hearts  which  are  beating  infrequently  ;  (2) 
non-recovery  ;    (3)  resultant  arrest  of  the  heart  in  the  diastohc  position. 

I  have  not  been  able  to  find  in  former  reports  any  such  differentiation 
of  ventricular  fibrillation  as  that  described  above.  However,  ujion  considera- 
tion of  the  researches  of  MacWilham-  on  fibrillar  contraction  of  the  heart, 
I  have  formed  the  opinion  that  he  met  with  the  same  two  varieties  of 
ventricular  fibrillation,  though  this  camiot  be  stated  definitely  as  he  submits 
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no  tracings.  He  describes  one  class  of  cases  of  fibrillation  as  "  a  phenomenon 
of  irritation  induced  by  the  action  of  various  recognised  stimulants."  This 
kind  of  fibrillation  is  produced,  for  example,  by  faradic  stimulation  of  the 
ventricle,  and  its  occurrence  is  favoured,  and  its  duration  prolonged,  by 
causes  that  augment  the  cardiac  irritability.  Recovery  of  the  co-ordinate 
contractions  occurs  readily  \\lien  fibrillation  is  produced  in  this  way.  This, 
1  believe,  approximates  very  nearly  to  the  conditions  under  which  I  have 
found  the  first  type  of  fibrillation.  MacWilliam  describes  a  second  class  of 
cases  in  which  "  the  fibrillar  contraction  is  induced  Ijy  the  more  or  less  sudden 
action  of  certain  influences  of  a  depressing  nature,"  such  as  the  intravenous 
injection  of  a  strong  solution  of  ])otassium  bromide.  He  states  that,  when 
ventricular  fibrillation  is  produced  in  this  way,  "  single  contractions  may 
occur  after  the  rapid  quivering  movement  has  ceased,  but  they  appear  to  be 
fibrillar  in  their  nature,  and  any  contractions  excited  by  single  induction 
shocks  in  such  circumstances  appear  to  he  of  the  same  character."  He 
observed  no  recovery  from  fibrillation  produced  in  this  way.  This  description 
suggests  strongly  the  second  tyjje  of  fibrillation  \Ahich  I  have  described  as 
occurring  in  a  slowly  beating  heart  and,  therefore,  jiresumably  in  a  condition 
of  dejjressed  vitality.  It  appears  highly  probable  that,  if  a  tracing  had  been 
shown  by  MacWilliam  of  the  effect  of  an  induction  shock  on  the  ventricle 
under  the  influence  of  potassium  bromide,  it  would  have  revealed  a  normal 
contraction  lapsing  immediately  into  fibrillar  contractions  (as  in  Fig.  3), 
or,  in  his  own  \Aords,  single  contractions  fibrillar  in  nature. 

The  increasing  recognition  of  the  clinical  imi)ortance  of  auricular 
fibrillation  suggests  the  propriety  of  accumulating  further  data  in  regard  to 
the  experimental  occurrence  also  of  ventricular  fibrillation,  for  the  latter 
condition  may  yet  find  a  place  among  clinical  irregularities  of  the  heart, 
though  possibly  only  as  a  terminal  phenomenon.  As  far  as  can  be  said  from 
the  observations  recorded  here,  it  is  conceivable  that  either  type  of  ventricular 
fibrillation  described  above  might  occur  in  an  intact  animal  without  causing 
so  complete  a  failure  of  the  circulation  as  to  be  immediately  fatal  to  life. 

A  point  of  some  interest  is  the  stage  of  the  cardiac  cycle  at  which 
(spontaneous)  fibrillation  occurs.  It  can  be  seen  in  Fig.  1  and  2  that,  in  the 
beating  heart,  fibrillation  never  comes  on  during  the  systole  of  the  ventricle 
nor  during  the  early  part  of  the  diastole,  that  is  to  say  it  occurs  only  after 
the  refractory  period  of  the  ventricle  has  passed  off.  It  would  seem  justifiable 
to  draw  the  deduction  that  the  fibrillar  contractions  are  subject  to  the  usual 
law  of  the  co-ordinate  contraction,  namely,  that  they  can  occur  only  when  the 
heart  has  recovered  from  its  refractory  period. 
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A   CASE    OF   TRAXSIEXT   COMPLETE    AURICULO-VEXTRICULAR 

DISSOCIATION.     SHOWING     CONSTANTLY     VARYING 

VENTRICULAR    COMPLEXES.* 

By  ALFRED  E.  COHN. 

{Fro)ii  the    Hospital  nj  the   Roekefeller  Institute  for  Medicfil  Research,    New 

York.) 

A  KrMBER  of  cases  showing  comjilete  auriculo-ventricular  dissociation  have 
been  reported,  in  which  no  lesion  in  the  auriculo-ventricular  bundle  was 
seen  or,  at  least,  no  lesion  sufficiently  large  to  destroy  its  substance  and  to 
block  impulses  passing  from  auricles  to  ventricles.  In  the  curves  made 
from  these  patients,  both  auricular  and  ventricular  contractions  were  regular, 
and  the  outlines  of  the  electrocardiographic  curves,  when  these  have  been 
published,  representing  these  contractions,  especially  the  ventricular  ones, 
were  all  uniform.  The  description  of  the  case  which  follow.s  is  reported 
because  it  represents  a  variation,  w-hich  has  not  yet  been  observed,  from 
instances  in  this  group.  The  dissociation  which  was  present  disappeared, 
so  that  no  permanently  damaging  lesion  of  the  bundle  could  have  been 
present,  and  in  so  far  this  case  belongs  to  the  group  described.  It  differs 
from  the  others  in  that  the  ventricular  complexes  were  not  uniform,  but 
changed  from  beat  to  beat. 

The  patient  entered  the  hospitalt  for  the  first  time  on  .\ugust  the  lOth,  l!U(t.  He  liad 
measles  and  sniall-pox  in  eliildhood,  but  denied  ever  having  had  sypliilis,  gonorrlicea  or  any  other 
infection.  His  habits  were  good  ;  he  drank  wliisky  ocea-sionally,  but  did  not  smoke.  For 
fifteen  years  lie  coughed  during  the  winter  months  and  had  profuse  expectoration.  For  the  few 
years  previous  to  admission  he  complained  of  shortness  of  breath  on  exertion,  but  two  years 
before,  the  dyspnoea  increased  so  that  he  was  no  longer  able  to  sit  bent  over  his  work.  .\t  the 
same  time  he  began  to  suffer  from  occasional  palpitation  and  to  complain  of  a?dema  of  the  legs. 
At  first  these  symptoms  kept  him  from  work,  but  did  not  oblige  him  to  go  to  bed.  .\  month 
before  the  cough  and  dyspnoea  became  .so  severe  that  he  was  obliged  to  sit  up  in  bed  at  night. 
He  had  no  anginal  attacks  or  fainting  .spells.  His  appetite  was  very  poor,  liis  bowels  were 
constipated.     Urination  was  frequent  and  occurred  several  times  each  night. 

On  physical  examination,  his  general  condition  and  nourishment  were  good.  He  had 
general  oedema  of  the  subcutaneous  tissues  and  a  slight  yellow  tinge  of  the  skin  and  conjunctivae. 
He  had  dyspnoea  and  orthopnoea.  His  pvipils  were  normal.  His  lips  were  cyanotic.  His  teeth 
were  in  poor  condition  ;  he  had  pyorrhoea  of  the  gums.  There  were  signs  of  stasis  at  the  bases 
of  the  lungs  behind,  but  these  showed  no  other  abnormal  physical  sign.  The  apex  of  the  heart 
was  neither  visible  nor  jjalpable.  The  right  border  of  cardiac  dulness  was  at  the  right  border 
of  the  sternum.  The  left  border  was  14-.5  cm.  from  the  median  line  in  the  sixth  space.  The 
soimds  were  heard  Ijest  in  the  fifth  space  13  em.  from  the  mid-sternal  line.  They  were  rather 
faint.  The  ciuality  of  the  first  sound  was  valvular  and  was  accomijanied  by  a  blowing  systolic 
murnnir.  transmitted  to  the  axilla.  At  the  base  both  soimds  were  accentuated,  that  at  the 
aortic  area  being  the  louder.  The  radial  pulses  were  equal,  normal  in  rate,  of  good  force  and 
quality.     The  rhythm  was  very  irregular.     The  liver  was  enlarged  and  was  felt  three  fingers' 

*  A  short  account  of  this  patient  was  published  in  the  Proe.  Soc.  Exp.  Biol,  and  Med., 
1911,  ix,  24. 

t  He  was  treated  on  the  First  Jledical  Division,  Mount  Sinai  Hospital,  New  York.  I  am 
indebted  to  Dr.  J.  Rudisch  and  to  Dr.  X.  E.  Brill  for  permission  to  report  the  history. 
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breadth  l)elow  the  border  of  tlie  la-st  rib.  It  was  extremely  tender.  The  spleen  was  not  felt. 
The  abdomen  showed  no  abnormality.  The  legs  were  redematoiis,  eyanotic  and  cold.  .A 
knee  jerk  was  not  obtained.  The  systolic  l>lood  pressure  was  150  mm.  Hs.  The  amount  of 
urine  varied  between  800  to  1,200  ce.  jier  day;  the  specific  gravity  wa.s  1.010  to  1.022:  it 
contained  a  faint  trace  of  albumin.  Pol\*graph  tracings  (Fig.  1)  showed  coupled  rh_\'thm.  In 
the  first  three  days  of  his  stay  in  the  hospital  he  was  given  eight  oimces  of  the  infusion  of  digitalis. 
On  the  day  of  admission  the  pulse  rate  was  80.  and  on  the  third  day.  the  day  digitalis  was  stopped, 
.56  was  the  lowest  rate  recorded.  The  rhythm  was  irregular  and  not  every  heartljeat  caui?ed  a 
palpable  pulsation  in  the  radial  artery.  On  the  day  of  discharge,  the  action  of  the  heart  was 
regular. 

The  patient  was  admitted  to  the  hospital  a  second  time  on  November  the  20th,  1910,  two 
and  a  half  months  after  discharge.  He  had  Ijeen  well  for  two  weeks,  but  then  his  symptoms, 
oedema  of  the  legs  and  increasing  dyspno?a.  recurred.  On  admission  his  general  condition  and 
physical  examination  were  much  like  those  on  the  first  admission.  He  was  discharged  on 
December  the  1st,  1910,  much  improved. 

Twenty-five  days  later  (December  the  2.5th.  1910)  he  was  admitted  for  a  third  time.  He 
felt  well  for  two  weeks  after  discharge,  but  the  old  symptoms,  oedema  of  the  legs,  dyspnoea  and 
orthopnoea  reappeared.  He  complained  now  also  of  palpitation  and  oliguria.  Examination 
showed  the  same  general  physical  condition  that  had  been  present  l^efore. 

He  was  admitted  a  fourth  time  one  month  later  (February  the  10th,  1911).  He  had  been 
well  the  first  two  weeks  at  home,  but  the  second  two  the  same  symptoms  reappeared.  His 
general  condition  was  good.  He  had  orthopnoea  and  slight  dyspnoea.  There  was  cyanosis  of 
the  lips.  The  skin  and  conjunctivse  had  a  subicteric  hue.  He  had  the  signs  of  pulmonary 
emphysema  and  stasis  at  the  bases  of  both  lungs  behind.  The  left  border  of  the  heart  extended 
to  the  nipple  line.  The  sounds  and  the  murmur  were  as  they  had  been  before.  The  rate  was 
45  per  minute  and  regular.  The  liver  was  felt  a  finger's  breadth  below  the  margin  of  the  ribs. 
The  edge  was  e\en  and  the  liver  tender.  Polygraph  tracings  (Fig.  2),  made  at  this  time,  showed 
that  incomplete  block  (2:1)  of  the  auricular  impulses  was  present.  On  the  11th  and  13th 
electrocardiograms  showed  the  presence  of  complete  dissociation  (Fig.  3  to  5).  A  polygraph 
curve  (Fig.  6),  made  on  the  17th,  also  showed  complete  dissociation.  On  February  the  15th 
he  had  signs  of  increasing  heart  failure.  He  began  to  take  eight  ininims  of  the  fluid  extract  of 
digitalis  a  day.  On  the  18th  the  rate  of  the  radial  pulse  was  40  to  42.  On  the  20th  the  amount 
of  the  drug  was  reduced  to  four  minims  a  day  and  was  continued  mitil  February  the  22nd.  He 
took  forty-eight  minims  in  all.  On  February  the  23rd  the  systolic  blood  pressure  was  190.  On 
the  25th  his  condition  was  impro\ed  ;  he  had  none  of  the  subjective  symptoms  of  heart  failure. 
The  pulse  rate  was  40  and  regular.  He  was  given  atropine  gr.  1  75  hypodermically,  but  the 
injection  had  practically  little  effect  on  the  heart.  Both  auricular  and  ventricular  rates  were 
slightly  elevated  ;  auricles  and  ventricles  were  70-50  and  44-82  before  and  70-2  and  48  after  the 
injection  respectivel\-.  On  the  27th  the  systolic  blood  pressure  was  105.  The  rate  of  the  auricles 
was  (il-S  and  of  the  ventricles  40-S.  Atropine  gr.  1  50  was  given  h\-podermically.  The  auricvUar 
rate  rose  to  74-4.  but  the  highest  ventricular  rate  was  45-2.  After  this  liis  radial  pulse  rate  rose 
to  (iS.  On  March  the  1st  the  systolic  blood  pres-sure  was  172  and  the  diastolic  60.  On  the  3rd  it 
was  170.  He  had  no  cedema.  March  the  4th  the  pulse  rate  was  about  60.  Polygraph  curves 
and  electrocardiograms  showed  a  normal  1  :  1  rhythm.  He  was  discharged  on  March  the  7th, 
having  a  pulse  rate  of  00. 

The  patient  was  examined  again  on  December  the  19th,  1911.  The  last  examination  was 
made  on  February  the  18th,  1913.  On  both  occasions  the  rate  and  rh\-thm  of  his  heart  were 
normal  (Fig.  7).  He  is  now  seventy  years  old,  looks  well  and  is  well  noiu-ished.  His  condition 
has  been  good  for  the  past  two  years.  He  has  not  been  obliged  to  go  to  bed.  although  he  has  been 
somewhat  weak  and  feeble  and  has  suffered  from  moderate  praecordial  oppression  and  dyspnoea 
on  climbing  stairs.  On  examination  his  pvipils  react  normally.  There  is  hyper -resonance  over 
the  chest.  The  breath  sounds  are  good,  but  there  are  numerous  rales  at  the  bases  behind.  The 
apex  impulse  is  seen  clearly  in  the  fifth  space  13  cm.  from  the  median  line.  The  impulse  is  felt 
but  is  weak.  The  right  border  of  the  cardiac  dubiess  is  3'5  cm.  from  the  median  line  in  the  third 
space  and  4-3  cm.  in  the  fourth.  The  left  border  is  9-3  cm.  from  the  median  line  in  the  third, 
12-5  in  the  fourth  and  13-6  in  the  fifth  spaces.  The  first  sovmd  at  the  apex  is  weak.  The  second 
sovmd  is  accentuated  and  followed  by  a  high-pitched,  blowing  systolic  murmur,  transmitted  to  the 
axiUa.     At  the  base  the  second  sound  is  faint,  but  at  the  pulmonic  area  it  is  relatively  accentuated. 

Description  oj  the  curves. 

A  number  of  polygraph  curves  were  made  on  August  the  22nd,  1910 
(Fig.  1).  In  the  radial  curve  there  are  successions  of  pairs  of  beats,  the 
second  followed  by  a  pause  almost  equal  to  two  of  the  shorter  ones.  The 
two  radial  beats  are  represented  in  the  jugular  curve  by  c  waves  and  each 
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is  jireccded  l)y  an  a  wavv.  That  portion  of  the  venous  eurve  which  corresponds 
to  tlie  pause  in  the  radial  curve,  contains  an  ii  wave  midway  between  the 
second  mcniher  of  the  first  and  tiie  first  niemlier  of  the  second  group.  The 
a-c  interval  of  tlie  first  nieniher  of  the  group  is  0'2  seconds,  of  the  second 
0-26  seconds,  while  the  third  a  wave  is  blocked.  The  patient  had  taken 
digitalis  for  three  days  at  this  time,  so  that  it  is  likely  that  the  arrhythmia 
was  the  result,  as  it  so  often  is,  of  digitalis  poisoning. 


'f'^^f^"^ 


I .  Polygraphie  curve  of  the  movements  of  the  jugular  vein  and  radial  arterj',  August  the 
22nd,  1910.  The  upper  line  shows  the  time  in  0-2  seconds.  A  coupled  rhythm  is  .seen  in  the 
radial  curve.  In  the  jugular  curve,  the  a-c  interval  in  the  waves  representing  the  first 
member  of  the  radial  group  is  0-2  seconds,  in  the  second  0-26  seconds.  The  third  a  wave 
is  blocked. 


.r--^^_r-^; 


Fig.  2.     Same  as  above,  February  the   luth,    lilll.     The  rhythm  is  an  incomplete  block,  the 
ratio  being  2  ?  1. 


No  records  were  taken  from  this  time  until  February  the  10th,  Iflll, 
the  day  of  his  fourth  admission  to  the  hospital.  Jugular  and  radial  curves 
made  on  this  day  show  the  presence  of  incomplete  auriculo-ventricular  block, 
the  ratio  being  2  :  1  (Fig.  2).  There  is  no  record  as  to  whether  the  patient  had 
taken  digitalis  before  admission,  but  it  is  probable  that  he  had.  Curves 
made  on  the  following  day  (Fig.  3  and  4)*  and  on  February  the  13th,  lltll 
(Fig.  5)  sho^\ed  that  the  incomplete  block  had  given  way  to  complete 
dissociation.  The  rate  of  the  ventricular  beats  was  43-8  and  of  the  auricular 
82  (Fig.  3  and  4).  The  nature  and  the  rh3'thm  of  the  ventricular  complexes 
were  very  unusual.  The  rhythm  of  the  auricles  was  fairly  regular.  With 
certain  exceptions,  to  be  described,  that  of  the  ventricles  was  also  regular. 
But  the  outline  of  the  successive  complexes  changed  so  tliat  no  two  were 

*  The   original   curves   are   faint.     They   were   photographed,    and   the   photographs   were 
reinforced.     These  were  then  bleached.     The  bleached  overlined  photographs  are  reproduced. 
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precisely  alike.  Two  chief  types  may  be  distinguished  among  them.  Some 
resemble  beats  whicli  respond  to  stimuli  arising  in  the  wall  of  the  right, 
and  others  to  stimuli  aiising  in  the  wall  of  the  left  ventricle.  Beside  this 
fundamental  difference  between  the  groups,  each  group  contains  members 
which  differ  slightly  from  each  other.  Gradual  transitions  between  the 
two  groups  can  be  recognised.  At  the  time  of  transition  from  one  group  to 
the  other,  a  change  in  mechanism  occurs,  for  the  interval  between  the  beats 
is  smaller  than  between  beats  of  Uke  nature  (Table  I).  For  example,  in 
Fig.  3,  at  the  beginning  of  the  curve,  the  interval  between  the  beats  in  a 
group  of  the  same  nature  is  between  1-34  and  1-36  seconds.  When  the  nature 
of  the  cycles  changed,  this  interval  is  reduced  to  1-3  seconds.  The  reduction 
in  time  is  even  more  strikingly  shown  in  Fig.  4,  where  at  the  beginning  of 
the  curve  the  interventricular  interval  is  1-34  and  l-3it  seconds,  and  at  the 
time  of  transition  1-2  seconds.  In  these  curves,  and  in  others  as  well,  the 
transitions  take  pla«e  from  cycles  in  which  the  most  prominent  wave  is  S 
to  cycles  in  which  the  i?  waves  are  most  prominent.  When  the  transition 
is  in  the  reverse  direction,  that  is  to  sa}-,  from  cycles  in  which  the  B  waves 
are  large  to  those  with  prominent  S  waves,  the  interventricular  intervals  are 
practically  unchanged,  or  mav  be  onlv  slightlv  reduced  (Fig.  3  and  4.  and 
Table  I)." 

The  phenomenon  which  has  been  described  was  shown  characteristically 
in  all  the  curves  made  on  February  the  11th  and  on  the  succeeding  days. 
It  persisted  until  a  few  da\-s  before  the  patient  left  the  hospital,  when,  as 
has  been  said,  the  sequence  of  chamber  contraction  was  normal.  It  has 
remained  normal  for  two  years  (Fig.  7).  An  occasional  premature  ventricular 
contraction  has  occurred,  and  one  such  is  seen  in  the  figure. 

The  intervals  between  ventricular  cycles  in  a  few  selected  curves  are 
given  in  Table  I.  Two  of  them  have  been  reproduced,  curve  8  as  Fig.  3 
and  curve  12  as  Fig.  4.  In  tlie  first  column,  the  numbers  represent  the 
cycles.  S-S  represents  the  interval  between  cycles  in  which  the  S  wave  is 
prominent  :  8-E.  the  transition  from  cycles  with  a  prominent  S  wave  to 
cycles  with  a  prominent  B  wave  ;  R-R,  the  interval  between  cj'cles  having 
a  prominent  R  w  ave  ;   R-S,  transitions  the  reverse  of  that  seen  in  S-R. 


Discussion. 

The  irregularity  which  was  detected  and  analysed  on  the  third  day  after 
the  patient's  admission  to  the  hospital  consisted,  then,  in  lengthening  of  the 
conduction  time  and  blocking  of  the  third  auricular  beat.  This  rhythm  has 
repeatedly  been  observed  as  the  result  of  the  administration  of  digitalis, 
and  may  have  been  caused  b\'  the  drug  in  this  patient.  The  presence 
of  the  irregularity  on  the  day  of  admission  was  due  in  all  likelihood 
to  his  taking  the  drug  before  admission.  On  the  fourth  admission 
(February   the    10th).  the  incomplete  block  and  the  complete  dissociation 
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were  probably  due  to  the  same  cause.  This  rhytlim  was  ])resent 
also  on  the  13th.  From  the  15th  to  the  22nd  he  was  given  digitalis,  and  on 
the  17th  it  was  also  present.  Whether  due  to  digitalis  or  not,  the  arrhythmia 
disappeared  after  the  discontinuance  of  the  drug. 

Two  explanations  of  the  curious  succession  of  ditferently  shajied 
ventricular  complexes  seem  possible.  The  first  assumes  a  single 
permanent  site  in  the  main  stem  of  the  conduction  system  before  its 
division  into  right  and  left  branches  as  the  source  of  stimulus  production  ; 
and  this  site  is  supposed  to  discharge  impulses  at  regular  intervals.  Under 
this  assumption  the  impulses  are  conducted  now  in  one  branch  of  the  system 
and  now  in  the  other  ;  the  varying  ventricular  complexes  depending  on 
which  branch  the  impulse  traverses.  The  passage  of  the  impulse  over  one 
branch  would,  according  to  this  interpretation,  be  the  result  of  temporarj^ 
functional  depression  in  the  other.  The  interventricular  interval  at  the 
time  of  transition  is  shortened  because  recovery  from  depression  permits 
acceleration  of  the  rate  of  conduction  of  the  impulse  descending  from  the 
site  in  the  A-V  bundle  where  it  is  produced.  But  this  explanation  meets  with 
a  difficulty.  It  assumes  that  complete  dissociation  between  the  contractions 
of  the  auricles  and  of  the  ventricles  may  be  present,  as  a  result  of  a  temporary 
derangement,  probably  toxic,  of  the  conduction  system.  But  the  derange- 
ment must  then  be  of  such  a  nature  that  impulses  could  not  be  conducted 
from  auricles  to  ventricles,  but  could  be  conducted  over  that  portion  of  the 
.system  in  continuity  with  the  ventricles  ;  that  is  to  say,  the  portion  bet\\  een 
the  A-V  node  and  the  distribution  to  the  ventricular  muscle.  A  difference 
in  the  rate  of  conduction  probably  exists  between  different  portions  of  the 
^-F  system,  as  suggested  by  the  experiments  of  Hering,i  who  states  that  of 
the  various  portions  of  the  system,  the  node  of  Tawara  (the  ^4-  V  node)  delays 
the  i^assage  of  impulses  most.  If  this  is  true,  it  may  be  assumed  that  causes 
which  increase  the  delay  in  the  proijagation  of  imijulses  may  increase  it  most 
at  the  A-V  node,  and  may  leave  the  rest  of  the  system,  that  part  between  the 
node  and  the  ventricles,  less  affected.  Digitalis  causes  an  impairment  in 
conduction  and  may  be  assumed  to  do  so  principally  at  the  node.  The 
branches  would  then  still  be  able  to  conduct  impulses  formed  somewhere 
in  the  main  steiu,  but  not  quite  normally.  Under  these  circumstances 
variation  in  the  degree  of  depression  in  the  two  branches  might  occur  and 
permit  the  change  in  the  type  of  com25lexes  which  has  been  described. 

The  second  explanation  is  that  the  site  from  which  these  impulses  to 
contraction  come  is  not  fixed,  but  wanders  from  one  side  of  the  heart,  that 
is  to  say  of  the  conduction  system,  to  the  other.  To  this  exp  anation  there 
are  objections.  Impulses  so  widely  scattered  may  give  rise  to  an  orderly 
succession  of  contractions,  but  such  an  occurrence  is  unlikely.  The  shortened 
intervals  at  the  times  of  transition  in  the  present  curves  also  fail  to  support 
this  exi:)lanation,  for  the  orderly  occurrence  of  shortening  maj'  be  held  to 
indicate  the  presence  of  a  well-defined  mechanism  quite  at  variance  with 
haphazard  dislocations  of  impulse  formation. 
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Another  mechanism  may  be  mentioned  as  a  cause  for  varying  ventricular 
com])lexes.  Lewis-  has  shown  that  very  definite  changes  in  the  ventricular 
comjilexes  may  occur  in  dogs"  liearts  when  tlie  stimuli  to  contraction  arise 
sj'nchronously.  or  almost  synchronously,  in  the  auricles  and  in  the  wall  of 
the  left  ventricle.  The  second  impulse  in  liis  experiments  was  due  to  a 
"  rhythmical  induction  shock  applied  to  the  left  margin  of  the  heart  " 
(Fig.  120).  The  ventricular  complexes,  as  has  been  said,  vary  under  these 
circumstances  ;  some  of  them,  indeed,  have  an  outline  not  unlike  some 
found  in  the  curves  of  this  patient.  But  the  existence  of  block  in  this  patient 
makes  it  ver\^  unlikely  that  the  interference  between  two  competing  stimuli 
(one  being  ainicular)  influenced  the  change  in  the  ventricidar  complexes. 
Rothberger  and  Winterberg^  have  reproduced  curves  (Fig.  4,  U,  10,  11,  18) 
resembling  these,  except  that  the  ventricular  rhythm  is  irregular,  and  they 
consider  that  the  variations  in  the  ventricular  complexes  are  due  either 
to  a  single  site  or  to  several  competing  sites  of  stimulus  production. 
Their  curves  were  taken  from  dogs,  and  under  conditions  (injection  of 
barium  chloride  and  stimulation  of  the  left  accelerator  nerve)  of  which  we 
have  no  chnical  parallel. 

On  the  whole,  the  evidence  favours  an  intoxication  as  the  basic  cause 
of  the  phenomenon  of  changing  ventricular  comi^lexes,  assuming  that  the 
patient  under  discussion  had  digitalis  intoxication  ;  this  explanation  is 
supi^orted  by  the  evidence  of  Rothberger  and  Winterberg's  curves.  Another 
case,  yielding  similar  curves  and  reported  by  OpiJenheimer  and  James, ^  also 
adds  weight  to  this  explanation.  At  autopsy,  serial  sections  of  the  heart 
of  their  i:)atient  failed  to  show  a  lesion  in  the  conduction  system.  The  fact 
that  comjjlete  restoration  of  the  secpiential  beat  took  place  in  our  patient 
is  evidence  that  the  phenomena  observed  resulted  from  a  temporary 
intoxication  rather  than  from  an  anatomical  lesion  in  the  conduction 
system. 

.  Summary. 

A  patient  is  described  who  showed  during  a  period  of  six  months  almost 
continuous  cardiac  failure.  During  this  period  the  rhvthm  of  his  heart-beat 
changed  from  one  showing  lengthened  conduction  time  and  incomplete 
heart-block  to  one  of  complete  auriculo-ventricular  dissociation.  Over 
part  of  the  time  he  took  digitalis.  On  one  occasion,  during  the  stage  of 
complete  dissociation,  the  complexes  re^jresenting  ventricular  contractions 
varied  from  beat  to  beat.  This  phenomenon  was  probably  due  to  digitaUs 
intoxication.  He  recovered  from  the  condition  completely  and  has  been 
well  for  two  years. 
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A    CA«E    OF    ACUTE    RHEUMATIC    CARDITIS    AXD    AURICULAR 
FIBRILLATION    IX    A    CHILD. 


By    G.    a.    SUTHERLAND 
(London), 

AND 

CAREY    F.    COOMBS 
(Bristol). 

The  case  recorded  is  one  of  intense  cardiac  inflammation  in  a  child  of  5  years, 
which  proved  fatal  in  six  days.  Reasons  are  given  for  regarding  it  as  an 
extremely  virulent  example  of  rheumatic  infection  of  the  heart.  A  peculiar 
interest  Ues  in  the  fact  that  total  arrh3'thmia  of  the  type  associated  with 
fibrillation  of  the  auricles  developed  before  death.  Histological  study  of  the 
cardiac  tissues  showed  a  widespread  and  intense  focal  inflammation  of  the 
myocardium,  the  ceUs  of  which  were  injured  far  more  severely  than  is  the 
rule  in  rheumatic  carditis.  These  cellular  lesions  were  unusually  prominent 
in  the  auricular  walls. 

A  boy  of  five  years  complained  of  slight  sore  throat  and  pain  in  the 
right  knee  and  the  left  wrist  on  October  the  13th,  1912.  Both  joints  were 
found  to  be  swollen  and  tender  and  his  temperature  was  102^  F..  He  was 
ordered  fifteen  grains  of  sahcylate  of  soda  every  four  hours.  The  child  was 
seen  again  three  days  later,  and  the  fever  and  arthritic  pain  were  stiU  present, 
while  in  addition  the  heart  was  found  to  be  dilated.  He  was  ordered 
twenty-five  grains  of  salicylate  of  soda  every  four  hours.  Two  days  later 
the  child  became  much  worse.  His  face  was  dusky  and  vomiting  set  in. 
He  was  admitted  to  hospital.  His  previous  health  had  been  good,  the  only 
acute  illness  having  been  measles.  There  was  no  personal  or  family  history 
of  rheumatic  fever.  On  admission  on  the  fifth  da\-  of  illness  the  boy  looked 
extremely  ill.  The  temperature  was  102S-,  the  pulse  140,  and  the  resiiirations 
60.  Pain  w  as  comjjlained  of  in  the  praecordial  region  and  the  right  knee  was 
swollen  and  tender.  The  face  was  somewhat  cyanosed,  the  fiver  was 
enlarged,  and  venous  pulsation  w  as  marked  in  the  neck.  Examination  of  the 
heart  showed  the  presence  of  dilatation,  the  left  border  extending  to  one  inch 
external  to  the  left  nipple  and  the  right  border  half  an  inch  to  the  right  of 
the  sternum.  The  pulse  was  markedly  irregular,  feeble,  and  of  low  tension. 
Polygrajjh  tracings  showed  a  gross  type  of  pulse  irregularity  (Fig.  1),  while 
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the  venous  tracing  from  the  neck  was  of  the  ventricular  ty))c  (Fig.  i')-  there 
being  no  trace  of  an  auricuhxr  wave.  The  boy  slept  for  an  hour  and  a-half 
and  then  vomiting  came  on  and  was  very  persistent  for  some  hours.  During 
the  night  he  was  restless  and  in  the  morning  the  persistence  of  the  vomiting 
was  exhausting  him  so  much  that  in  order  to  relieve  it  an  attempt  w as  made 
to  wash  out  the  stomach  ;  but  this  was  followed  by  sudden  syncoiJe.  The 
total  duration  of  the  illness  was  six  days. 

At  the  necrojjsy  on  the  day  of  his  death  there  were  no  pathological 
changes  apart  from  the  jioints  noted  below.  The  lungs  were  congested. 
The  pericardium  contained  no  excess  of  fluid  and  presented  no  signs  of 
inflammation,  but  small  scattered  hemorrhages  were  seen  both  on  the 
visceral  and  the   parietal  surfaces.     The  heart  was  slightly  enlarged,  owing 
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Fig.   2. 


apparently  to  dilatatit)n  of  the  right  auricle  and  ventricle.  The  wall  apjiearcd 
to  be  soft  and  flabbj*.  There  was  a  slight  thickening  on  the  edge  of  the 
mitral  valve  about  the  size  of  a  pins  head.  No  other  valvular  changes  were 
present.  The  liver  was  enlarged  and  congested,  and  on  section  showed 
many  jjale,  fatty  areas.  The  kidneys  were  congested  and  small  haemorrhages 
were  present  on  the  walls  of  the  pelvis. 

Through  the  courtesy  of  Dr.  Perkins.  Pathologist  to  the  Paddington 
Green  Children's  Hospital,  one  of  us  (C.  C.)  was  enabled  to  make  a  histological 
examination  of  various  parts  of  the  heart.  In  addition  to  sending  us  a 
number  of  blocks.  Dr.  Perkins  also  very  kindly  prepared  for  us  a  series  of 
sections  stained  with  (Scharlach  R  for  fat.  A  brief  account  of  the  results 
of  this  examination  must  now  be  given.  ,> 
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ilyocanlium.  The  muscle  cells  displayed  a  remarkably  intense  degree 
of  fatty  metamorphosis  ;  large  tracts  in  the  wall  of  the  left  ventricle  and  in 
the  interventricular  septum  were  completely  altered  so  that  not  a  single 
normal  cell  could  be  found,  many  of  the  cells  being  converted  wholesale 
into  aggregations  of  fat.  In  the  wall  of  the  right  ventricle  the  alteration  was 
far  less  complete,  but  nevertheless  patches  of  fatty  metamorphosis  were  to  be 
seen  scattered  here  and  there.  In  the  auricular  walls  there  was  fatty  change 
of  a  very  unusual  intensit}",  particularly  in  the  right  auricle.  In  the  sections 
taken  from  this  part  of  the  cardiac  musculature  the  whole  thickness  of  the 
waU  was  altered,  and  scarcely  a  single  cell  was  free  from  coarse  aggregations 
of  fat.  In  many  cells  the  normal  texture  had  entirely  disappeared,  the  fat 
replacing  all  the  usual  features.  In  the  left  auricle  and  in  the  interauricular 
septum  the  alteration  was  less  complete,  though  even  here  it  reached  a  high 
pitch  of  intensity.  Broadly  speaking,  there  was  a  close  coincidence  between 
these  changes  and  the  inflammatory  phenomena  presently  to  be  described  ; 
where  the  reaction  was  most  intense,  there  also  the  cells  w  ere  most  degenerate. 
In  areas  ^\here  the  aggregation  of  fat  was  not  so  remarkable,  many  cells 
exhibited  cloudj'  sweUing,  and  pigmentation  had  occurred.  The  fibres  of 
the  auriculo-ventricular  bundle  appeared  to  be  relatively  free  from  these 
regressive  changes. 

The  inflammatory  reaction  was  extraordinarily  wide-spread  and  intense. 
It  reached  its  highest  pitch  in  the  wall  of  the  left  ventricle,  the  septum 
ventriculorum  and  the  w  all  of  the  right  ventricle  being  less  severely  injured. 
In  the  right  auricle  the  reaction  was  very  widely  diffused,  and  less  distinctly 
focal ;  it  w  as  almost  as  intense  in  the  interauricular  septum  but  distinctly  less 
so  in  the  wall  of  the  left  auricle.  The  auriculo-ventricular  bundle  (which, 
though  not  cut  serially,  was  examined  in  .sections  from  one  large  block, 
including  its  main  stem)  was  diffusely  infiltrated  with  endothelial  leucocytes  ; 
these  were  most  thickly  gathered  in  the  vessels  h'ing  m  the  connective 
tissue  deep  to  the  bundle,  whence  they  spread  into  the  bundle  itself.  The 
outer  portion  of  the  sino-auricular  node  alone  was  examined — that  part 
which  hes  nearest  to  the  right  auricular  appendix  ;  it  was  more  intensely 
attacked  than  the  neighbouring  portion  of  auricular  musculature  by  a 
proliferative  process  producing  endothelial  leucocytes,  new  capillaries  and 
some  fibroblasts,  but  even  so  a  considerable  portion  of  the  node  as  seen  in 
transverse  sections  was  untouched. 

In  the  main  the  inflammatory  reaction  consisted  of  aggregations  of 
"  endothelial  leucocytes,"  i.e.,  cells  endothelial  in  type  arising  apparent^ 
from  prohferation  of  the  cells  lining  the  capillaries  and  lymphatics.  These 
aggregations  were  not  limited  to  the  immediate  neighbourhood  of  the  blood- 
vessels, but  radiated  thence  in  fine  granulations  between  the  muscle  fibres. 
In  some  spots  the  texture  of  these  cells  of  endothehal  origin  w  as  obscured 
by  regressive  changes.  There  were  a  few  large  foci  in  which  polymorphonu- 
clear leucocytes  played  an  unusually  prominent  part ;  in  some,  indeed,  these 
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constituted  the  predominant  feature  of  the  reaction,  and  in  such  spots  they 
were  often  necrotic  and  stained  imperfectly.  In  these  areas,  which  were  in 
seveiiil  instances  associated  witli  the  profoundest  degrees  of  vascuhir  change 
described  below,  the  muscle  fibres  had  suffered  most  severely,  being 
broken  up  and  distorted  as  if  by  some  gross  physical  injury.  Even 
in  these  areas,  however,  a  large  proportion  of  endothelial  leucocytes  was 
discernible. 

The  vascular  changes  were  most  striking.  At  one  end  of  the  scale 
should  be  set  swelling  and  proliferation  of  the  endothelial  cells  in  the  smaller 
arterioles  ;  at  the  other  end,  thrombotic  inflammation  of  quite  large  vessels, 
e.g.,  those  running  through  the  centre  of  a  papillary  muscle,  leading  to  their 
total  occlusion  and  to  a  marked  perivascular  leucocytosis.  In  the  wall  of 
the  right  auricle  a  large  arteriole  showed  these  changes.  The  other  pheno- 
mena of  vascular  origin  were  the  formation  of  groups  of  "  endothelial 
leucocytes,"  i.e.,  cells  thrown  off  by  proliferation  of  the  lining  of  the  smallest 
blood  vessels  and  the  lymph  channels  ;  wholesale  construction  of  new 
capillaries,  though  the  endothelial  reaction  did  not  appear  to  have  attained 
to  this  stage  except  in  certain  areas  ;  and  capillary  hasmorrhages.  Some 
parts  of  the  myocardium,  and  particularly  the  wall  of  the  left  auricle, 
displayed  a  high  degree  of  passive  hyjierajmia. 

Endocardium.  At  the  base  of  the  mitral  valve  there  was  early 
proliferation  of  the  endothehum  covering  its  surface  and  lining  its 
vessels. 

Pericardium.     No  inflammatory  changes  were  noted. 

This  case  calls  for  comment  especially  in  two  directions. 

A. — Its  relation  to  rheumatic  infection.  We  regard  this  case  as  rheumatic 
for  the  following  reasons. 

Clinical.  Although  the  patient  was  under  our  observation  only  for  the 
last  twenty-four  hours  of  life  the  chnical  history  of  the  illness  and  the 
conditions  found  on  examination  made  a  diagnosis  of  rheumatic  fever  fairly 
definite.  Whatever  view  one  may  hold  as  to  the  effects  of  the  large  doses  of 
saUcylate  of  soda  which  had  been  taken,  the  cardiac  condition  was  certainly 
not  among  them.  The  severity  of  the  illness  suggested  the  possibility  of  an 
acute  septicaemia,  but  no  evidence  of  any  infection  other  than  rheumatic 
could  be  detected  either  during  fife  or  after  death. 

Anatomical.  On  the  anatomical  side  it  was  a  pancarditis,  i.e.,  there  were 
foci  of  inflammation  scattered  diffusely  throughout  the  cardiac  musculature, 
and    the    mitral    valve    also    showed    evidences   of   irritation.     Microscopic 
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examination  showed  that  the  inflammatory  reaction  was  pre-eminently 
formative  in  type,  and  that — as  is  characteristic  of  rheumatic  lesions — the 
vascular  endothelia  figured  jirominently  in  this  reaction. 

The  stages  of  the  tissues'  reply  to  irritation  by  the  streptococcus 
rheumaticus  would  appear  to  be  as  follows.  First,  the  endothelia  of  the 
smaller  blood  vessels  and  lymphatics  proliferate  ;  this  is  manifested  in 
partial  or  complete  occlusion  of  vessels  with  or  without  thrombosis,  in  the 
dissemination  of  "  endothelial  leucocytes  "  which  are  mainly  collected  in 
perivascular  foci,  and  in  the  building  up  of  new  capillaries.  Second,  the 
perivascular  connective  tissues  display  a  fibroblastic  reaction,  especially 
around  the  newl3--formed  caiiiUaries.  Third,  leucocytes  arrive  in  the 
disturbed  area  ;  in  most  areas  the  polymorjihonuclears  are  represented  but 
sparingly,  but  the  more  severe  the  attack  the  more  hkely  they  are  to  appear, 
and  in  some  spots  they  even  dominate  the  picture  especially  where  large 
vessels  are  closed  by  inflammatory  thrombosis.  The  usual  appearances, 
therefore,  are  those  of  a  blood-borne  infection  of  a  virulence  so  moderate 
that  it  is  for  the  most  part  dealt  with  successfully  by  the  first  line  of  defence, 
the  vascular  endothelia. 

In  the  case  under  consideration,  these  appearances,  as  seen  in  an  early 
stage,  were  present ;  the  characteristic  "  submiliary  nodule  "  had  not  had 
time  to  develop,  but  that  which  precedes  it — endovascular  proUferation 
with  "  endothelial  leucocytosis  " — was  universally  to  be  seen. 

Bacteriological  investigation  by  Dr.  Perkins  discovered  the  presence 
of  a  streptococcus  in  pure  culture  from  the  cerebro-spinal  fluid.  Grown  at 
first  on  blood-agar  this  was  subcultured  into  broth  and  injected  into  a 
rabbit.  Unfortunately  in  subculture  its  virulence  was  lost  and  it  had  no 
pathogenic  action  on  the  rabbit.  Dr.  Perkins  also  made  cultures  from  the 
right  knee  and  the  spleen  but  no  organisms  were  found. 

B.  On  these  grounds,  therefore,  we  are  justified  in  regarding  this  as  a 
case  of  rheumatic  infection  of  the  heart.  Having  established  this  we  proceed 
to  the  next  statement  that  the  case  was  one  of  exceptional  severity — a  case 
of  julminating  cardiac  rheumatism.  The  disease  ran  an  abnormally  rapid 
course,  six  days  only  from  start  to  finish  ;  and  the  histological  changes  were 
indicative  of  a  mucli  larger  dose  of  infection  than  usual.  Xaming  them  in 
tlie  order  in  which  they  occurred,  the  vascular  injuries  were  more  widespread 
and  profound  and  affected  vessels  of  a  larger  cahbre  than  is  usual ;  the 
reactive  changes  in  the  cardiac  wall  were  sjjread  over  wider  areas,  the  unusual 
abundance  of  polymorphonuclears  also  suggesting  an  irritation  at  longer 
range  than  is  the  rule  in  acute  cardiac  rheumatism  ;  and  the  muscle  cells 
themselves  were  very  much  more  severely  damaged  than  is  customary  in  this 
disease.  The  remarkable  severity  of  the  attack  may  perhaps  be  coupled  w  ith 
the  unusually  early  age  at  which  it  occurred  ;    though  one  of  us  (C.  C.)  has 
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made  histological  examinations  of  hearts  almost  as  intensely  inflamed  in 
subjects  of  maturer  years.  There  is  also  a  striking  similarity  between  the 
lesions  in  this  case  and  those  of  experimental  rheumatism,  in  respect  of  the 
profound  vascular  injuries  and  the  unusual  abundance  of  polymorphonuclear 
leucocytes. 
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A   ^^ETHOD   OF  MEASURING  THE   RATE   OF  TRAXS^^SSIOX  OF 
THE   COXTRACTIOX   WAVE   IX   THE   DOG'S   AURICLE. 

By  THO:\rAS  LE^MS.* 

(Cardiographic     Department,     University    College    Hospital   Medical   School, 

London.) 

Method. 

Ix  a  previous  article.^  I  described  some  experiments  upon  the  right  auricular 
appendage  of  the  dog"s  heart,  in  which  the  tissues  at  the  base  of  that  organ  were 
crushed  in  such  a  manner  that  a  narrow  bridge  of  muscle  remained  and  joined 
the  appendage  and  the  chief  mass  of  auricular  tissue.  It  occurred  to  me 
that  a  similar  preparation  might  be  utilised  to  test  the  rate  of  propagation 
of  the  contraction  wave  in  the  dog's  auricle.  In  the  experiments,  conducted 
under  full  anaesthesia  with  morphia,  paraldelnde  and  ether,  the  tissues  are 
crushed  in  a  single  line  running  from  the  auriculo-ventricular  groove,  at  the 
insertion  of  the  base  of  the  right  auricular  appendage,  towards  the  head  of  the 
sino-auricular  node  or  a  little  to  the  appendage  side  of  it.  In  this  manner 
the  appendage  is  separated,  physiologicall}*  but  not  anatomically,  from  the 
auricle,  except  for  a  bridge  of  connecting  tissue  of  3  or  4  milhmetres  breadth. 
This  bridge  lies  at  the  angle  between  the  appendage  and  superior  vena  cava, 
and  is  left  in  this  region  because  a  large  arterial  t«  ig  runs  into  the  appendage 
from  the  main  sino-auricular  artery  near  the  angle.  The  position  of  the 
arterial  twig  is  subsequently  confirmed  by  microscopic  sections  cut  across 
the  bridge.  After  the  completion  of  the  crush  two  pairs  of  small  fishhook 
electrodes  are  secured,  one  (^4)  at  the  tip  of  the  appendage,  the  other  (£)  at 
the  bridge.  The  auricular  appendage,  subsequent  to  this  manipulation, 
maintains  its  activity  and  normal  colour  in  favourable  experiments  ;  the 
results  obtained  in  such  experiments  are  accepted. 

The  rate  of  propagation  is  measured  in  the  appendage  in  a  manner 
similar  to  that  employed  in  estimating  the  rate  of  jiropagation  of  the  excitation 
wave  in  nerve.  A  series  of  rhythmic  induction  shocks  is  thrown  into  the 
electrodes  ^4  and  B  alternately  and  at  such  a  rate  that  the  series  of  excitations 
dominates  the  movements  of  the  A\hole  heart.  The  excitations  are  signalled 
and    records   of   the   heart's   contractions    are    obtained   galvanometrically 

*  The  expenses  connected  with  these  observations  have  been  defrayed  by  grants  from  the 
Roval  Societv  and  Graham  Research  Fund. 
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(lead  //  being  employed).  An  appreciable  interval  ola]ises  between  a  given 
signal  of  stiniulation  and  the  corresponding  summit  P  of  the  electrocardio- 
gram. The  difference  between  the  intervals,  the  stimulation  being  now 
through  electrode  .4  and  now  through  electrode  B,  is  taken  as  a  measure 
of  the  time  occupied  by  the  contraction  wave  in  traversing  tiie  measured 
distance  between  the  electrodes. 

The  electrocardiogram  does  not  eiiange  materially  when  the  site  of 
stimulation  is  altered,  for  the  paths  of  the  contraction  wave,  once  it  has 
traversed  the  bridge,  are  practically  constant  (the  tissues  are  crushed  with 
this  object  in  view)  and  the  currents  developed  in  the  appendage  itself,  now 
contracting  one  way  and  no«-  the  other,  are  practically  without  influence. 

The  movements  of  the  signal  and  galvanometric  string  are  photographed 
upon  the  same  plate.  The  time  marker,  a  modification  of  that  devised  by 
Bull,  consists  of  a  rotating  toothed  disc  ;  the  light  from  the  ])rojecting 
system  is  occluded  at  each  04  second  by  a  tooth,  each  fifth  tooth  being 
broader  than  those  which  intervene.  The  time  is  thus  marked  in  lines 
across  the  plate,  in  the  line  of  the  camera  lens  ;  the  twenty-fifths  by  thin 
and  the  fifths  by  thicker  lines. 
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Two  electrocardiograms  from  a  dog.  The  heart  is  responding  to  rhythmic  induction  shocks 
applied  {A)  at  the  tip  of  the  appendage,  and  (B)  at  the  bridge.  The  signal  of  stimulation  is 
seen  below  in  each  instance.  The  time-marker,  which  rules  vertical  lines,  represents  one- 
fifth  and  one-twenty-fifth  of  a  second. 


Measurements  from  actual  experiments  are  given  in  the  accompanying 
table  ;  the  measurements  were  made  upon  the  Lucas  microscopic  comparator,^ 
kindly  lent  to  me  by  Dr.  Keith  Lucas  for  the  purjjose. 
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.*^lgnal  to  P  summit  in  Sees. 

Averages. 

Difference 

Id 

.■seos- 

LeriKth 
muscle 
strip 

in  MUD. 

ConJuction 

mte,  mui. 

per  sec. 

Heart 
l-ate  ijer 
minute. 

DO 

Append,  stim 
Bridge  stim. 

•04111.  -0429,   0403  = 
•0280.  ■02.'i2.  •02(>G= 

•0416 
•0266 

•0150 

19 

1266 

2190 

218-8 

DQ 

Append,  stim. 
Bridge  stim. 

•0450.  ■04r)(t,    0420  = 
•dlsii.   (12111.   0210  = 

■0440 
•0200 

•0240 

20 

833 

nil 

1108 

DR 

Append,  stim. 
Bridge  stim. 

•03.52.  •03.'iO,  -0368  = 
•013.5,    0128.   0176  = 

•0352 
•0146 

•0206 

22 

1067 

2038 

202^  7 

DP 

.Append,  stim. 
Bridge  stim. 

.\ppend.  stim. 
Bridge  stim. 

•0598,  -0598.  -0684  = 
•01  !!.->.   OKiS,  -0156  = 

•0829,   0806,  -0650  = 
•0351,  -0377,  -0223  = 

•0626 
•0173 

•0453 

29 

640 

153  0 

1530 

■0761 
•0317 

DP 

•0444 

29 

653 

2010 
201-6 

1 

This  instrument  is  more  than  sufficiently  accurate  for  the  readings  ; 
of  possible  sources  of  error  in  measurement  the  greatest  is  in  the  choice 
of  the  point  at  a\  hich  the  cross  lines  of  the  microscope  shall  fall  upon  the 
electrocardiogram,  namel}%  the  selection  of  the  point  at  which  P  commences. 
The  error  is  not  large,  amounting  at  the  most  in  suitable  curves  to  •003  sec.  ; 
the  greatest  possible  error  in  the  conduction  rate  as  calculated  from  the 
varying  measurements  is  in  a  single  instance  as  much  as  37°,,.  but  as  a  rule 
it  is  from  7%  to  15%,  and  therefore  comparatively  trifling.  The  length  of 
the  muscle  strip  is  measured  by  means  of  dividers  while  the  heart  still  beats, 
the  length  taken  being  that  between  the  centres  of  the  electrodes  when 
the  imiscle  is  in  the  full  diastolic  position. 

As  may  be  seen  from  the  tabulated  results  the  rate  of  conduction  in  the 
dog's  auricle  is  variable,  the  slowest  rate  of  propagation  being  640  mm.  per 
second,  the  most  rapid  1.2C6  mm.  per  second,  in  this  series.  The  rate  varies 
approximately  from  \  to  1  metre  per  second. 
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A    POLYGRAPHIC    STUDY    OF    FOUR    CASES    OF    DIPHTHERIA, 
WITH     A     PATHOLOGICAL     EXAMINATION     OF    THREE 

CASES.* 

By  WILLIAM  E.  HUME. 

( Nevrasf/e-on-  Tt/ne.) 

Ix  the  following  pages  the  disorders  of  the  cardiac  mechanism  which  were 
encountered  in  a  polygraphic  study  of  four  cases  of  severe  diphtheria  are 
described.  Three  of  them  were  fatal  and  in  each  case  the  heart  was  subjected 
to  a  minute  examination  of  all  parts,  and  an  account  of  the  results  of  this 
examination  is  given. 

In  the  fourth  case  an  attack  of  paroxysmal  tachycardia  was  recorded, 
and  as  this  condition  is  infrequent  in  diphtheria  it  has  seemed  expedient 
to  include  it  in  the  present  series. 

Although  the  varieties  of  arrhythmia  which  were  recorded  in  these  four 
cases  were  numerous  there  were  certain  types  which  were  common  to  all. 
Some  were  such  as  are  of  common  occurrence  in  other  diseases,  namely, 
auricular  extrasystoles  and  heart-block  ;  others  again  were  exceptional 
in  this  or  in  other  diseases,  and  of  this  group  a  rhythm  which  is  thought 
to  be  generated  in  the  region  of  the  auriculo-ventricular  node  (nodal  rhythm) 
ranks  as  the  most  important. 

In  each  case  a  brief  clinical  history  will  be  first  given,  then  the  polygraphic 
tracings  will  be  recorded  and  discussed,  and  thirdly  the  results  of  the  post- 
mortem examination  will  be  illustrated.  After  the  cases  have  been  described 
in  their  polygraphic  and  pathological  aspects,  their  relationship  with  certain 
instances  of  cardiac  irregularity  in  diphtheria  which  have  been  alreadj' 
published  will  be  discussed. 

CASE  1. 

Clinical   History  of  CAfiE  1. 

Female,  aged  7  years,  was  admitted  on  October  the  ITtli,  1012,  which  was  the  fourth  day  of 
illnes-s. 

On  October  the  14th  the  child  had  vomited  and  complained  of  pain  on  swallowing  food. 
The  doctor  in  attendance  took  a  swab  from  the  throat,  and  on  receiving  a  positive  report  sent 
the  child  to  the  fever  hospital. 

On  admission  on  October  the  1 7th,  there  was  an  extensive,  thick  membrsme  on  both  tonsils, 
and  6.000  units  of  antitoxin  were  administered.  Tlie  temperatm^  was  100-6^  and  the  pulse  rate 
126.  The  area  of  cardiac  dulness  and  the  position  of  the  apes  beat  were  normal,  and  the 
heart  sounds  were  clear. 

*  The  subject  matter  of  this  paper  wa.s  presented  as  a  Thesis  (M.D.)  in  the  University  of 
Cambridge. 
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On  the  next  day.  the  fifth  day  of  iUness.  4.000  units  of  antitoxin  were  administered  although 
large  pieces  of  membrane  were  .separating  and  the  throat  was  cleaner.  The  temperature  wa-s  100^ 
and  the  pulse  rate  104.  The  apex  of  the  heart  was  displaced  to  the  nipple  line,  and  on  auscultation 
the  first  sound  was  poor  and  the  second  sound  was  reduplicated.  There  was  a  trace  of  albumen 
in  the  urine. 

On  the  sixth  day  of  illness  there  was  still  a  large  piece  of  membrane  on  the  right  tonsil, 
extending  to  the  soft  palate.  The  temperature  was  99-4°  and  the  pulse  rate  106.  There  was  no 
albumen  in  the  urine. 

On  the  seventh  day  of  iUness  the  temperature  fell  to  subnormal  at  night  and  the  child  xomited. 
On  October  the  21st,  the  eighth  da,\-  of  illness,  the  heart  condition  wa-s  the  same  and  the  pulse, 
though  regular,  was  of  low  tension.     The  pulse  rate  was  92. 

From  the  fifth  to  the  eighth  days,  normal  jugular  and  radial  tracings  were  obtained. 

On  October  the  22nd,  the  ninth  day  of  iUness,  there  was  a  marked  serum  rash  and  the  pulse 
was  occasionally  irregular.  Jugular  tracings  obtained  on  this  day  demonstrated  the  irregularitj- 
to  be  due  to  auricular  extrasystole.s.  The  throat  was  cleaner,  the  temperatiu-e  was  normal  and 
the  pulse  rate  94.  Tlip  next  day  nasal  phonation  was  noticed  and  there  was  a  tendency  towards 
the  regurgitation  of  food.  The  first  sound  of  the  heart  was  faint  and  approximated  a  .second 
sound  in  character.  There  was  occasional  vomiting  and  there  were  evident  signs  of  collapse. 
On  tliis  day  tracings  were  obtained  which  showed  the  presence  of  a  nodal  rhythm. 

On  October  the  24th,  the  eleventh  day  of  ilbiess,  the  temperature  was  97-4°  and  the  pulse 
rate  98,  and  a  nodal  rhythm  was  again  recorded.  The  child  was  listless  and  apathetic,  and 
occasionally  vomited.  The  next  day  the  extremities  were  cold  and  there  was  marked  apathy  and 
pallor.  Tracings  obtained  from  the  jugular  vein  and  radial  artery  demonstrated  a  rapid  regular 
contraction  of  the  auricles,  accompanied  by  a  slower  ventricular  rate,  i.e.,  auricular  flutter. 
The  pulse  rate  varied  between  90  and  102,  and  the  temperature  was  subnormal. 

On  October  the  2l)th,  the  thirteenth  day  of  illness,  the  pulse  rate  was  about  110  and  normal 
polygrapliic  curves,  infrequently  interrupted  by  auricular  extrasystoles,  were  obtained.  On 
October  the  2Tth,  the  child  was  restless,  and  as  the  radial  pulse  was  imperceptible  it  was  impossible 
to  obtain  either  venous  or  arterial  curves. 

The  next  day,  the  fifteenth  day  of  illness,  the  child  died. 

Polygraph ic  curves  of  CASE  1. 

On  October  the  22nd,  the  ninth  day  of  illness,  the  first  irregularity  was 
discovered.  From  Fig.  1  it  will  be  seen  that  a  normal  rhythm  is  interrupted 
by  auricular  extrasystoles. 

At  .r  in  Fig.  1  a  premature  beat  appears  in  the  radial  curve  which 
by  measurement  is  found  to  correspond  with  an  early  c  wave  in  the  jugular 
curve.  Preceding  the  c  wave  is  a  large  wave  which  is  composed  of  the  i' 
wave  of  the  previous  cycle  and  the  a  wave  of  the  premature  beat.  That  the 
premature  contraction  has  originated  in  auricular  rather  than  ventricular 
musculature  is  made  certain  by  a  consideration  of  the  following  facts.  The 
time  occupied  by  the  systole  and  diastole  of  the  premature  beat  and  the 
cycle  immediatel\'  preceding  it  is  less  than  that  occupied  b\'  two  normal 
cycles  ;  in  other  words,  the  compensatory  pause  is  not  complete.  Secondly, 
certain  characteristic  variations  in  the  length  of  the  a-c  interval  are  known 
to  accompany  premature  contractions  of  the  auricle  and  are  present  in  this 
instance.  The  n-c  interval  of  the  premature  c3-cle  is  longer  than  those  which 
have  preceded  it,  because  the  early  auricular  impulse  finds  the  conductivity 
of  the  ^4-  T'  bundle  to  some  extent  depressed  ;  also,  the  a-c  interval  of  the 
cj'cle  following  the  premature  contraction  is  shorter  than  usual,  because  the 
A-  V  tissues  have  had  a  longer  period  in  which  to  recuperate. 

The  next  day,  October  the  23rd.  the  tracing  represented  by  Fig.  2  was 
obtained.  In  this  figure  there  are  two  waves  in  each  cardiac  cycle  in  the 
jugular  curve  and  they  both  fall  within  the  period  of  ventricular  systole, 
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,  1.     Jugular  and  radial  curves  from  CASE  1.     At  tlio  fifth  cydo  (reading  from  left  t 
at  mark  .r  a  premature  eontraetiou  of  the  aurirle  has  oeeurred.    and    the  a  wave 
premature  beat  has  fused  with  the  r  waxe  of  the  preeediufj  cyele. 


o  right) 
of    the 


Fig.  2.  Jugular  and  radial  curves  from  CASE  1.  In  the  jugular  curve  there  are  two  waves, 
i.e.,  ac  which  represents  simultaneous  contraction  of  auricle  and  ventricle  and  a  smaller 
V  wave. 


and  during  the  period  of  ventricular  diastole  no  wave  indicative  of  a  separate 
auricular  systole  is  to  be  found.  It  is  apparent  that  the  large  waves  of  the 
last  two  cycles  have  broader  tops  than  the  previous  waves,  and  in  other 
tracings  the  wave  broadens  still  further  until  two  separate  waves  appear. 
The  transition  is  at  one  time  from  a  single  to  a  double  wave,  and  at  another 
time  from  a  double  to  a  single  wave.  Such  a  transition  from  a  double  wave 
to  a  single  wave  is  seen  in  Fig.  3.  In  this  figure  the  jugular  curve  at  the 
first  cycle  shows  a  double  wave  c-a,  and  the  interval  between  these  two 
separate  waves  is  gradually  shortened  until  at  the  ninth  cycle  there  is  a  single 
sharp  topped  wave.  The  eleventh,  twelfth  and  thirteenth  cycles  are  again 
represented  by  slightly  broader  waves  and  at  the  fourteenth  cycle  a  single 
wave  is  seen.  The  single  wave  persisted  for  three  minutes  and  was  succeeded 
by  a  gradual  broadening  into  two  waves. 

For  long  periods  there  were  only  two  waves  which  were  separated  by  a 
considerable  interval,  and  an  example  is  shown  in  Fig.  4.  Considerable 
lengths  of  tracings  obtained  on  October  the  24th  from  this  case  (CASE  1) 
showed  the  characters  which  are  represented  in  Fig.  2-4,  though  the  rhythm 
was  occasionally  interrupted  by  premature  beats  and  the  jugular  curve  then 
became  more  complicated.     We  must,  however,  consider  the  interpretation 
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of  the  underh'ing  rliythin  before  the  variations  are  iUustrated,  and  such  an 
unusual  rhythm  demands  a  full  discussion  of  its  causation. 

The  most  obvious  feature  in  all  three  venous  curves  is  the  absence  of  an 
a  wave  in  its  normal  position  ;  when  two  waves  occur,  i\xe\  both  fall  within 
the  period  of  ventricular  systole.  It  is  well  known  that  venous  curves  can 
be  divided  into  two  chief  classes,  one  class  in  which  the  contraction  of  the 
auricle  causes  a  distinct  wave  during  the  diastole  of  the  ventricle,  the  auricular 
form  of  venous  i)ulse  ;  and  the  other,  in  which  the  auricular  wave  is  absent 
in  this  position  and  there  is  only  a  ventricular  systohc  rise  of  pressure,  the 
ventricular  form  of  venous  pulse.  The  latter  type  usually  indicates  the 
presence  of  auricular  fibrillation  and  the  pulse  is  completely  irregular,  unless 
there  is  complete  dissociation  of  auricles  and  ventricles.  Applying  this 
consideration  to  the  tracings  under  discussion  we  must  conclude  either  that 
the  auricles  have  ceased  to  beat  co-ordinately  and  are  in  a  condition  of 
fibrillation,  or  that  the  auricular  wave  falls  durmg  the  period  of  ventricular 
systole.  If  fibrillation  of  the  auricles  is  present  the  regularity  of  the  pulse 
necessitates  the  conclusion  that  there  is  auriculo-ventricular  dissociation. 
The  rapidity  of  the  ventricular  rate  makes  it  improbable  that  the  ventricle 
is  responsible  for  its  ow  n  stimulus  formation.  Further,  this  view  would  in  no 
way  account  for  the  transition  of  one  wave  into  two  waves,  and  vict  versa, 
an  alteration  which  is  characteristic  of  these  three  venous  curves. 

We  are  forced  to  the  conclusion  then  that  the  auricular  wave  falls  within 
the  jjeriod  of  ventricular  systole,  and  the  types  of  arrhythmia  in  which  this 
coincidence  occurs  must  be  discussed. 

(1)  In  the  first  place,  in  certain  instances  of  complete  heart-block  with 
dissociation  of  auricles  and  ventricles,  the  speed  of  both  chambers  may  be 
so  equal  that  waves  due  to  auricular  contraction  may  comcide  with  waves 
due  to  \entricular  contraction.  This  synchrony,  however,  is  usually  very 
evanescent  and  is  only  present  for  two  or  three  cycles,  and  separate  waves 
soon  make  their  appearance.  Such  uniformity  of  auricular  and  ventricular 
rates  as  occurred  in  this  case  has  never  been  observed  for  such  long  periods 
in  complete  dissociation  of  the  auricles  and  ventricles. 

(2)  In  the  second  place,  it  may  be  that  the  auricular  wave  of  one 
cycle  is  included  in  the  ventricular  period  of  the  preceding  cycle  owing  to 
marked  impairment  of  conductivity  in  the  a\-  V  junctional  tissues.  With 
this  interpretation  the  u-c  interval  would  vary  between  2-5-fifths  of  a  second 
and  three-fifths  of  a  second.  If  the  conductivity  were  so  impaired  it  might 
have  been  exjjccted  that  an  occasional  auricular  beat  w  ould  fail  to  reach  the 
ventricle  :  instead  of  this  being  the  case  later  figures  (Fig.  5-8)  w  ill  show- 
that  at  times  auricular  impulses  pass  readily  across  the  junctional  tissues 
to  the  ventricle.  It  is  unlikely  that  the  functional  capacity  of  the  junctional 
tissues  would  exhibit  such  a  wide  degree  of  variation  within  a  moment  of 
time. 
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The  only  remaining  alternative  seems  to  be  that  the  auricles  and 
ventricles  are  contracting  in  simultaneous  response  to  a  common  impulse. 
This  view,  of  course,  presumes  that  there  is  an  area  of  stimulus  formation 
lying  in  the  .4-  T'  node  or  bundle.  In  Fig.  2  the  auricles  and  ventricles 
would  appear  to  contract  simultaneously  and  give  rise  to  a  large  single  wave 
ac.  In  Fig.  -1  there  is  a  tendency  for  the  auricular  contraction  to  follow 
the  ventricular  contraction  at  a  uniform  interval  of  time.  This  discrepancy 
in  the  time  of  appearance  of  auricular  contraction  can  be  due  to  one  of  t\\  o 
factors  ;  either  the  stimulating  focus  is  not  constant,  at  one  time  being  lower 
in  the  ^4-F  nodal  and  junctional  tissues  and  giving  rise  to  the  later  appearances 
of  the  auricular  systole,  or  the  capability  of  the  auricle  to  receive  stimuli 
from  a  constant  stimulating  focus  is  not  uniform.  It  seems  impossible  to 
decide  which  alternative  is  the  correct  explanation.  From  the  foregoing 
considerations  it  seems  highly  probable  that  for  long  periods  the  auriculo- 
ventricular  nodal  tissues  usurped  the  function  of  pacemaker  of  the  heart 
in  this  case.     (CASE  1.) 

Although  the  characters  which  are  shown  in  these  figures  were  present 
throughout  considerable  lengths  of  tracing,  periods  occurred  when  these 
comparative!}'  simple  forms  were  comphcated  by  the  appearance  of 
premature  contractions  which  originated  in  both  auricles  and  ventricles. 
Such  an  interruption  of  the  nodal  rhythm  is  seen  in  Fig.  5.  It  will  be  seen 
in  this  figure  that  a  premature  contraction  of  the  auricle  occurs  at  the 
seventh  cycle,  and  that  in  the  eighth  cjxle  the  auricles  and  ventricles  contract 
sj'nchronously.  At  the  ninth  cj'cle  the  auricular  slightly  precedes  the 
ventricular  contraction,  and  thereafter  the  original  rhythm  is  re-established. 
The  premature  contraction  of  the  auricle  may  be  an  "  escape  "  from  the 
sino-auricular  node  which  forestalls  the  nodal  impulse.  The  ventricle 
responds  to  the  nodal  impulse  but  the  auricle,  still  contracting,  is  unable  to 
do  so.  For  two  cycles  the  auricle  responds  more  readily  to  the  nodal 
stimulus  and  then  the  original  rhythm  is  restored.  The  above  seems  to  be 
the  probable  explanation  of  the  irregularity,  as  subsequent  figures  seem  to 
indicate  the  liabiUty  of  impulses  from  the  sino-auricular  nodal  tissues  to 
disturb  the  steadiness  of  the  nodal  rhythm.  Thus  in  Fig.  6  a  normal  sinus 
contraction  of  the  auricle  is  accompanied  by  a  normal  ventricular  response. 

At  the  fifth  C3de  (reading  from  right  to  left)  an  early  auricular  impulse 
disturbs  the  hitherto  regular  ca  sequence.  This  is  follo\xed  by  a  normal 
sinus  contraction  and  is  indicated  in  the  figure  as  such  {a^cv).  It  is 
presumed  that  the  second  auricular  impulse  occurs  so  shortly  after  the  first 
premature  beat  that  it  forestalls  the  nodal  beat  and  by  passing  an  impulse 
on  to  the  ventricle  the  nodal  stimulus  matter  is  destroyed.  Though  the 
irregularity  which  was  imposed  upon  this  regular  nodal  rhj^thm  ^^as  usually 
due  to  premature  auricular  contractions,  very  rarely  a  premature  ventricular 
contraction  occurred. 

In  Fig.  7,  the  seventh  cycle  of  the  venous  curve  (reading  from  right  to 
left)  is  comi^osed  of  a  premature  auricular  contraction  and  a  ventricular 
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Fig.  5.  Jugular  aiid  radial  curves  from  CA.SE  1.  At  the  seventh  cycle  (reading  from  left  to 
right)  an  auricular  contraction  (a')  precedes  the  ventricular  contraction,  and  after  two 
simultaneous  aiu-icular  and  \entricular  contractions  the  original  rhythm  is  re-established. 


Fig.   (j.     Jugular  and  radial  cm'ves  from  CASE  1.     At  the  fifth  cycle  (reading  from  right  to  left) 
a  prematm'e  auricular  impulse  occurs,  followed  by  a  sinus  sequence  (a'cr). 


Fig.  7.  Jugular  and  radial  curves  from  CASE  1.  At  the  seventh  cycle  (reading  from  right  to 
left)  a  premature  auricular  contraction  occurs,  followed  in  the  next  cycle  by  a  premature 
ve:itricular  contraction. 


wave  wliicli  has  been  caused  by  a  contraction  determined  in  the  nodal 
tissues.  In  the  next  cycle  a  premature  contraction  of  the  ventricle  (c^)  has 
occurred  and  no  auricular  contraction  a])pears  until  the  next  nodal  beat. 
The  frequent  appearance  of  both  auricular  and  ventricular  extrasystoles 
made  some  of  the  jugular  curves  very  complicated.  One  of  the  most  com- 
phcated  curves  is  shown  in  Fig.  8.  If  the  tracing  is  followed  in  Fig.  8  from 
left  to  right  from  ordinate  1,  there  are  two  cycles  in  which  the  auricular  wave 
follows  the  ventricular  wave.  In  the  third  cycle  there  occurs  a  ventricular 
extrasystole  and  this  is  followed  by  an  apparently  normal  sinus  sequence. 
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At  the  fifth  cycle  the  interval  between  auricular  and  ventricular  contractions 
is  shortened  until  at  the  seventh  cycle  there  appears  to  be  a  nodal  beat. 
Then  follows  an  apparent  sinus  contraction  and  thereafter  the  nodal  rhythm 
is  re-estabhshed.  To  the  right  of  ordinate  2,  more  or  less  the  same  sequence 
of  events  is  portrayed.  From  this  figure  it  would  appear  that  there  is  a 
struggle  taking  place  between  the  normal  pacemaker  of  the  heart  {S-A  node) 
and  the  new  pacemaker  {A-  V  node).  This  is  the  only  interpretation  which 
will  account  for  the  appearance  of  normal  sinus  sequences  such  as  occur 
at  the  fourth  and  eighth  cycles  to  the  right  of  ordinate  1,  and  at  the  third 
cycle  to  the  right  of  ordinate  2. 


)  ^ 


•I- 


Fig.   9.     Jugulnr  and  radial  curves  from  CASE  1.     It  is  thought  that  all  the  small  waves  in  the 
venous  curve  represent  contractions  of  the  auricle  and  are  marked  a. 


Fig.    ll>.     Jugular  and  radial  curves  from  CASE  1.     The  normal  waves,  a,  c,  and  v,  are  present. 


This  form  of  irregularity  was  j^resent  throughout  October  the  24th,  but 
the  next  day  it  gave  place  to  an  irregularity,  the  characteristics  of  which 
are  represented  in  Fig.  9.  In  each  cardiac  cycle  of  the  jugular  curve  there 
are  five  small  waves  which  are  regular  and  co-ordinate.  It  would  seem  that 
in  this  curve  we  are  either  dealing  with  a  normal  venous  curve,  with  the 
addition  of  an  unusual  wave  or  waves,  or  that  each  single  small  wave 
represents  a  co-ordinate  contraction  of  the  auricles — auricular  flutter. 
In  each  cardiac  cycle  during  the  systolic  period  (between  3  and  6)  the  waves 
might  conform  to  those  waves  which   form  a   normal  venous  curve,  or  each 
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wave  again  may  he  rei)resentative  of  a  >-:iiigIe  auricular  contraction.  During 
the  period  of  ventricular  diastole,  that  is  in  the  period  between  6  and  3, 
there  are  two  separate  waves  which  must  be  caused  by  auricular  systoles. 
The  regularity  with  which  these  small  waves  appear  makes  it  probable  that 
they  all  have  a  common  cause,  and  it  is  suggested  that  the  auricles  are 
contracting  regularly  at  a  rate  of  about  500  ^ev  minute.  Pressure  upon  the 
vagus  in  the  neck  might  have  decided  the  point  at  issue,  by  causing  inhibition 
of  the  ventricle,  while  by  this  means  the  evidences  of  auricular  activity 
would  have  been  undisturbed.  It  was  not  thought  justifiable,  however, 
to  attempt  this  procedure  in  a  child  who  was  so  extremely  ill.  The  next 
day,  though  the  child  was  evidently  dj'ing,  the  rhythm  of  the  heart  became 
normal  and  Fig.  10  represents  this  condition. 

Post-mortem  examination  of  CASE  1. 

A  post-mortem  examination  was  made  on  the  day  of  death.  On 
opening  the  thorax  pleural  effusions  were  found  with  partial  collapse  of 
both  lungs,  in  which  there  were  evident  patches  of  early  broncho-pneumonia. 
The  liver  was  fatty.  The  kidneys  were  pale  ;  the  cortex  was  enlarged  and 
microscopically  there  were  evidences  of  an  acute  nephritis.  The  heart  was 
pale  and  flabby,  and  had  the  "  boiled  "  appearance  of  advanced  cloudy 
swelling.  On  opening  the  heart  the  valves  were  found  to  be  normal.  The 
heart  muscle  was  pale  and  friable,  and  in  places  had  a  yellow  tint. 

The  following  pieces  were  removed  from  the  heart  for  microscopic 
examination  : — 

(I)  The  region  of  the  auriculo-ventricular  node  and  bundle  ;  (2)  Pieces 
of  ventricular  muscle  ;    (3)  A  piece  of  auricular  muscle. 

(1)  Serial  sections  were  cut  of  the  block  containing  the  auriculo*- 
ventricular  node  and  bundle  from  above  downwards,  and  were  stained  with 
haematoxilin  and  van  Gieson's  stain.  Nearly  everj'  section  was  mounted 
and  examined.  In  section  424  the  node  was  well  seen  and  ajDpeared  normal. 
The  node  was  continued  into  the  main  stem  of  the  auriculo-ventricular 
bundle  and  was  present  in  the  following  hundred  sections.  Unfortunately 
the  block  of  tissue  had  not  been  removed  sufficiently  far  forwards  and  the 
division  of  the  bundle  into  its  tw-o  branches  was  not  found.  The  bundle 
was  followed  until  it  appeared  on  the  left  side  of  the  pars  membranacea 
sejiti  and  had  the  shape  of  a  goose's  head.  Throughout  its  extent  the  fibres 
were  well  formed  and  seemed  to  be  perfectly  normal.  There  was  perhaps 
a  slight  increase  of  vascularity  and  engorgement  of  capillaries.  There  was 
no  inflammatory  exudate. 

(2)  («)  Pieces  of  ventricular  muscle  were  stained  with  hfematoxilin 
and  van  Gieson's  stain.  In  some  parts  of  the  ventricular  muscle  there 
was  a  gross  degree  of  interstitial  myocarditis.     In  such  areas  the  capillaries 
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were  engorged  and  there  was  an  intiltration  of  mononuclear  cells  of  the 
formative  type.     The  muscle  fibres  were  granular  and  degenerated. 

(6)  Pieces  of  ventricular  muscle  were  stained  with  hicmatoxilin  and 
Sudan  III.  The  muscle  fibres  were  seen  to  be  occupied  by  large  and  small 
drojilets  of  fat,  some  of  the  fibres  being  more  affected  than  others.  Fatty 
degeneration  was  present  throughout  the  ventricular  muscle  of  both  right 
and  left  chambers. 

(3)  The  auricular  muscle  was  the  seat  of  fatty  degeneration,  though 
to  a  considerably  less  degree  than  was  jiresent  in  the  ventricular  muscle. 


CASE  2. 

Clinkal  hii/ory  of  CASE  2. 

A  male,  aged  7  years,  was  suddenly  seized  with  sickness  and  vomiting  followed  by  difficulty 
in  swallowing  on  October  the  28th.  On  Xo\ember  the  1st,  Klebs-Loeffler  Bacilli  were  obtained 
from  a  throat  swab,  and  8.000  imits  of  antitoxin  were  administered. 

The  next  day,  the  sixth  day  of  illness,  he  was  admitted  to  the  hospital.  Patches  of  membrane 
were  to  be  seen  on  both  tonsils  and  there  was  a  blood-stained  discharge  from  the  nose.  The 
temperature  was  98"  and  the  pulse  rate  SIO.  There  was  no  albumen  in  the  lu-ine.  On  examination 
of  tlie  heart  the  apex  beat  was  luider  the  fourth  rib  internal  to  the  nipple  line.  The  area  of 
cardiac  dulness  was  normal  and  the  heart  soimds  were  clear.  On  November  the  3rd  a  profuse 
epistaxis  occurred  and  a  purpuric  rash  ajipeared  on  the  neck  :  the  temj)eratiu'e  was  !)"'  and  the 
pulse  rate  100.  The  a)iex  of  the  heart  was  slightly  displaced  outwards  and  the  first  sound  had 
the  abrupt  character  of  a  second  sound. 

On  Xovember  the  4th,  the  eighth  day  of  illness,  the  child  was  very  quiet  and  more 
comfortable. 

Polygraphic  tracings  taken  on  November  3rd  and  4th  showed  that  the  rhythm  of  the  heart 
was  normal.  On  November  the  .'Sth  there  was  a  second  epistaxis.  On  this  day  it  was  noticed 
that  premature  beats  occurred  while  the  heart  was  being  examined  by  the  stethoscope.  No  record 
was  made  of  them.  On  November  the  6th,  the  tenth  day  of  illness,  vomiting  was  frequent 
and  there  were  conspicuous  signs  of  collapse.  The  temperature  was  07-4°  and  the  pulse  rate  i)4. 
On  this  day  a  nodal  rhythm  was  shown  to  be  present.  The  apex  was  in  the  nipple  line  and  an 
occasional  systolic  murmur  accompanied  a  feeble  first  sound,  .\lbumen  appeared  in  the  urine 
for  the  first  time  on  November  the  7th.  On  the  two  following  dajs.  November  the  8th  and  fith 
collapse  was  extreme  and  vomiting  was  frequent.  The  heart  sounds  «ere  very  faint,  and  jugular 
and  radial  tracings  demonstrated  the  presence  of  a  2  :  1  heart  block.  The  pulse  rate  varied 
between  07  and  !14.     On  November  the  lOtli  the  child  died. 


Polygraphic  curves  of  CASE  2. 

Polygraphic  tracings  of  CASE  2  up  to  the  eighth  day  of  illness  showed 
that  the  rhythm  of  the  heart  was  normal,  and  Fig.  11  is  a  tracing  taken 
on  November  the  4th,  the  eighth  day  of  illness. 

Two  clays  afterwards  curves  represented  by  Fig.  12  were  obtained. 
In  Fig.  12  there  are  two  waves  in  each  cycle  of  the  jugular  curve.  The 
second  wave  occurs  at  a  later  period  than  did  the  second  wave  in  similar 
tracings  from  CASE  1.  (See  Fig.  4.)  Therefore,  the  second  wave  may 
be  a  V  wave  alone,  and  in  that  case  the  synchronous  contraction  of  the 
auricles  and  ventricles  gives  rise  to  the  first  wave.  On  the  other  hand,  the 
auricular  may  follow  the  ventricular  contraction  as  seen  in  Fig.  3  and  4, 
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Fig.   1 1.     Jugular  and  radial  curves  from  CASE  2.     A  normal  a  c  v  sequence  is  figured. 
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Fig.  12.     Jugular  and  radial  cuires  from  CASE  2.     Each  venous  cycle  is  occupied  bj-  two  waves 
marked  c  and  av  in  tliree  instances  and  ca  and  v  in  three  instance?. 
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Fig.  1.3.  Jugular  and  radial  curves  from  CASE  2.  A  diagram  is  interposed  sliowing  the 
relationship  between  aiuricular  and  ventricular  systole.  Every  alternate  auricular  impulse 
is  blocked. 


and  the  a  wave  is  then  fused  with  the  v  wave  in  tlie  second  large  wave. 
Whichever  is  tlie  correct  interpretation  it  Ls  probable  that  the  stimulus  to 
contraction  springs  from  the  nodal  tissues. 

On  November  the  8th,  the  twelfth  day  of  illness,  the  nodal  rhythm  was 
replaced  by  a  2  :  1  heart  block,  poh'graphic  curves  of  which  are  seen  in  Fig.  13. 
By  analysing  this  tracing  it  will  be  seen  that  the  a-c  interval  is  -25  second 
in  those  i^eriods  in  which  auricular  contractions  are  followed  by  ventricular 
contractions,  and  that  the  auricular  rate  is  180  and  the  ventricular  rate  is  90. 
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Post-mortem  examination  of  CASE  2. 

A  post-inortem  examination  was  made,  on  November  the  11th.  On 
opening  the  thorax  a  small  amount  of  fluid  was  found  in  the  right  i)leural 
cavity.  The  lungs  were  congested  and  there  were  patches  of  early  broncho- 
pneumonia throughout  both  lungs.  There  was  some  fluid  in  the  i:)ericardial 
sac  and  some  recent  lymph  on  the  visceral  pericardium.  The  heart  was 
flabby  and  pale  in  appearance.  On  opening  the  heart  the  cavities  were 
dilated  though  the  valves  were  normal.  The  heart  muscle  was  friable  and 
very  pale.  The  liver  was  fatty.  The  kidneys  showed  evidences  of  an 
acute  toxic  nephritis. 

The  following  pieces  were  removed  for  microscopical  examination  : — 

1.  A  portion  of  tissue  at  the  junction  of  the  sujierior  vena  cava  and  the 
right  auricle  which  included  the  sulcus  terminalis,  the  adjoining  parts  of  the 
right  auricle  and  right  auricular  appendix,  and  a  part  of  the  vena  cava  itself. 

2.  A  block  of  tissue  which  included  the  auriculo-ventricular  node,  the 
auriculo-ventricular  bundle  and  its  two  main  branches.  The  posterior  margin 
of  tliis  block  extended  to  the  opening  of  the  coronary  sinus  and  u^iwards  to  a 
distance  of  about  1  cm.  beyond  the  pars  membranacea  septi.  The  upper 
limit  of  the  block  extended  about  2  cm.  above  the  auriculo-ventricular  groove 
on  the  right  side  of  the  heart.  The  lower  limit  extended  about  the  same 
distance  belo\\"  the  auriculo-ventricular  groove. 

3.  Portions  of  the  walls  of  the  right  and  left  auricles. 

4.  Two  or  three  blocks  were  removed  from  the  interventricular  septum 
and  the  right  and  left  walls  of  the  ventricles. 

1.  The  region  of  the  sino-auriciilar  node.  The  block  containing  the 
sino-auricular  node  was  embedded  in  paraffin  and  was  cut  at  right  angles 
to  the  lumen  of  the  superior  vena  cava. 

Nearly  every  section  was  kept  and  stained  with  iron  ha?matoxilin  and 
van  Gieson's  stain.  The  node  was  found  to  be  well  formed  and  w  as  present 
throughout  124  sections.  The  artery  of  supjaly  was  prominent  and  eccentric. 
The  nodal  tissue  w  as  composed  of  an  interlacement  of  fine  muscle  fibres  and 
fibrous  tissue,  and  throughout  the  node  pathological  changes  were  found  ; 
the  fine  muscle  fibres  were  granular  and  in  many  places  fragmented  ;  the 
capillaries  were  dilated  and  engorged  with  red  blood  corpuscles,  whilst  free 
red  cells  and  mononuclear  cells  could  be  discovered  amongst  the  muscle 
fibres.     The  sino-auricular  node  was  the  seat  of  an  acute  inflammation. 

2.  The  auriculo-ventricular  node  and  bundle.  This  block  of  tissue  was 
embedded  in  paraftin  and  serial  sections  were  cut  from  above  downwards. 
Nearly  all  sections  were  kept  and  stained  with  van  Gieson's  stain.  In 
this  case  the  bundle  was  found  in  about  400  sections.     The  bundle  was  small 
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and  for  the  most  part  was  found  in  a  very  thin  pars  mcinl)ranacca  septi. 
The  til)res  \\ere  well  formed  and  beyond  some  slight  ca2)illary  engorgement 
no  abnormality  in  structure  could  be  detected. 

■i  T/it  uuriciilur  wiiscle,  stained  with  iuematoxihn  and  Sudan  HI, 
was  found  to  contain  a  small  amount  of  fat,  similar  to  the  condition  of  that 
described  in  tlie  first  case. 

4.  The  ventricular  muscle,  stained  with  iron  haematoxiUn  and  van 
Oieson"s  stain,  and  with  hwmatoxilin  and  Sudan  III,  revealed  no  interstitial 
mj-ocarditis,  but  was  the  scat  of  an  intense  fatty  degeneration. 

CASE  :{. 

Clinical  hislory  of  CASE  3. 

Child  uged  5  years,  was  aJinitted  on  Xo\eniber  the  12th.  He  had  been  ill  fur  two  days  with 
vomiting  and  pain  on  swallowing  food.  On  admission  there  was  a  thick  septic  membrane  on  the 
right  tonsil  extending  to  the  uvula  and  soft  palate,  which  gave  to  the  breath  a  foiU  odour.  The 
temperature  was  99-8^  and  the  jjulse  rate  110.  ti.OOO  luiits  of  antito.xin  were  administered,  and 
the  temperature  was  97"  and  tlie  pulse  rate  120.  The  apex  of  the  heart  was  within  the  nipple  line 
and  the  second  sound  was  occasionally  reduplicated. 

The  next  day,  November  the  I3th,  the  temperature  fell  to  96-6°  at  night  and  the  pulse  rate 
was  120.  On  this  day  there  was  a  faint  trace  of  albumen  in  the  urine.  On  November  the  14th, 
the  fifth  day  of  ilhiess,  tlie  temperature  was  97^  and  the  pulse  rate  112.  Polygraphic  curves 
taken  on  this  day  showed  that  the  rhythm  was  normal. 

On  November  the  1.5th  \omiting  began  and  there  were  signs  of  collapse.  On  November 
the  IGth,  the  se\enth  day  of  ilhiess,  prematiu'e  beats  were  detected  by  stethoscopic  examination. 
It  is  thought  that  they  were  probably  of  aiu-icular  origin  though  no  records  were  obtained.  The 
first  somid  of  the  heart  was  muffled  and  the  apex  was  found  to  be  in  the  nipple  line.  The 
temperatiu-e  was  97-4°  and  the  pulse  rate  92. 

The  next  da\-,  November  tlic  17th,  the  heart  soxmds  had  a  "  tick-tack"  character  and  the 
pulse  rate  was  G8.  By  polygraphic  ciu-ves  a  nodal  rhythm  was  shown  to  be  present.  On 
November  the  18th,  the  ninth  day  of  illness,  the  temperature  which  had  been  subnormal  rose 
to  99-6°  and  the  pulse-rate  was  100.  The  next  day,  November  the  19th,  there  was  frequent 
vomiting  and  also  signs  of  collapse.  On  November  the  18th  and  19th  polygraphic  tracings 
showed  that  the  nodal  rhythm  was  persisting.  On  November  the  20th,  the  eleventh  day  of 
ilhiess,  the  pulse  rate  varied  considerably  in  frequency,  the  extreme  rates  being  96  and  132. 
Polygraphic  curves  taken  on  this  day  are  thought  to  indicate  auricular  flutter.  The  temperature 
was  99-4'^  and  pleural  friction  was  detected  at  both  pulmonary  bases.  On  November  the  21st, 
the  temperature  ^^■as  subnormal,  and  coUap.se  was  very  evident.  The  pulse  was  noted  to  be  very 
irregular  and  rapid  although  polygraphic  tracings  were  not  obtained.  The  next  day  the  child 
died. 

Pobjgruphic  curves  of  CASE  3. 

On  November  the  17th,  the  eighth  day  of  illness,  polygraphic  curves 
represented  by  Fig.  14  were  obtained.  The  venous  curves  in  this  figure 
seem  to  be  open  to  two  interpretations.  It  is  obvious  that  there  is  no  wave 
during  the  ventricular  diastole  representative  of  separate  and  co-ordinate 
contraction  of  the  auricle.  It  would  seem,  tiierefore,  that  we  are  dealing 
either  w itli  a  nodal  rhythm  or  auricular  fibrillation  with  heart  block.  With 
tlie  first  interpretation  the  ventricle  c  contracts  before  the  auricle  as  figured 
in  the  second  and  third  cj^cles.  With  the  second  interpretation  the  second 
broad  wave  is  a  d  wave  only. 
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Fig.  14.  Jugular  and  radial  ciu-ves  from  CASE  3.  After  the  diastolic  period  of  each  cjcle  a 
c  wave  indicates  the  beginning  of  ventricular  systole.  This  is  followed  by  a  broail  wave  which 
is  thought  to  include  a  and  v  components,     h  —  the  wave  of  Hirsclifelder  and  Gibson. 
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Fig.  lo.  Jugular  and  radial  curves  from  C'.-lii'E  3.  The  venous  curve  is  deformed  by  respiratory 
movement.  Regular  waves  due  to  aiu"icular  contraction  are  marked  a.  The  line  (5  falls 
between  two  waves. 
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Fig.  16.  Jugiilar  and  radial  curves  from  CASE  4.  They  show  the  termmation  of  the  paroxysm  ; 
dm-ing  the  paroxysm  the  jugular  curve  is  composed  of  two  waves  in  each  cardiac  cycle 
(marked  1  and  2),  also  ac  and  v.  The  radial  cur\e  is  small  and  mieven  as  the  hand  was 
moved,  and  the  commencement  of  the  radial  upstroke  is  indicated. 


Similar  curves  were  obtained  on  November  the  18tli  and  10th  and  were 
succeeded  on  November  the  20th  by  the  curves  represented  in  Fig.  15. 
In  this  tigure  small  waves  appear  throughout  the  venous  curves  and  it  is 
impossible  to  assign  their  causation  to  the  factors  which  ijroduce  a  normal 
rhythm.     For  instance,  the  marking  6  which  usually  corresponds  to  the  apex 
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and  commencement  of  the  downstroke  of  a  wave  in  the  jugular  curve  is  found 
to  be  midway  between  two  waves  in  this  instance.  It  is  thougiit  that  each 
of  the  regular  waves  in  the  jugular  tracing  is  indicative  of  a  co-ordinate 
contraction  of  the  auricle. 

Poat-inortem  exuminution  of  CASE  3. 

The  post-mortem  examination  was  made  on  the  day  of  death.  The 
pleural  and  pericardial  cavities  were  clean  ;  though  the  lungs  were 
congested,  there  was  no  evidence  of  the  broncho-pneumonic  jiatches  which 
were  present  in  the  first  two  cases.  The  heart  had  the  same  naked  eye 
appearances  as  have  been  described  in  CASES  1  and  -.  The  right  auricular 
appendix  was  wholly  occupied  by  an  adherent  ante-mortem  clot.  All  the 
cavities  of  the  heart  were  dilated  but  the  valves  were  healthy.  The  heart 
muscle  was  pale,  soft  and  friable.  The  kidneys  had  the  appearance  of 
intense  cloudy  swelling  and  the  liver  was  fatty.  As  in  the  previous  cases 
the  following  regions  of  the  heart  were  submitted  to  microscopic  examination, 
and  their  appearances  are  now  described. 

The  sino-auriculo  node.  The  node  was  large  and  well  defined.  The 
nodal  tissue  was  infiltrated  by  large  numbers  of  mononuclear  cells  of  the 
formative  type.  The  capillaries  were  engorged  and  in  places  actual 
haemorrhages  had  occurred.  The  muscle  fibres  were  in  a  condition  of  granular 
degeneration. 

The  auriculo-ventricxilar  node  and  bundle  was  found  in  130  sections  of 
12  micra  thickness.  The  node  was  well  formed  and  beyond  some  shght  vascular 
engorgement  was  quite  normal.  The  bundle  also  was  well  formed  and  was 
traced  into  right  and  left  branches.  Throughout  its  course  the  fibres  were 
perfectly  normal  and  there  was  no  vascular  engorgement. 

The  auricular  muscle  showed  a  slight  degree  of  fatty  degeneration 
similar  to  that  described  in  CASES  1  and  2.  The  ventricular  muscle  was  the 
seat  of  an  intense  fatty  degeneration,  though  there  was  no  interstitial 
myocarditis. 

CASE  4. 

Clinical  history  of  CASE  4. 

Child  aged  (i  years,  was  admitted  on  October  the  15th,  1912.  She  had  been  ill  for  two  days 
and  her  ilhiess  had  begiui  with  sickness,  vomiting  and  dysphagia.  On  admission  both  tonsils 
were  covered  by  membrane  and  the  right  submaxillary  gland  was  enlarged.  Albumen  was 
present  in  the  virine.  The  temperature  was  9i)-6°  and  the  pulse  rate  144.  Bejond  the  rapidity 
no  other  cardiac  almormality  was  detected.     4,000  imits  of  antitoxin  were  administered. 

On  the  next  da\'  the  throat  was  cleaner  but  it  was  thought  advisalilo  to  inject  4,000  units 
of  antitoxin.  The  first  soiuid  of  the  heart  wa-s  short  anil  sliarp.  and  its  character  was  that  of  a 
second  soiuid.  Up  to  the  .sixteenth  day  of  illncs.*,  October  the  2Sth.  the  rhythm  of  the  heart  was 
quite  regular  and  beyond  some  outward  displacement  of  the  apex  and  weakening  of  the  first 
soimd,  no  other  cardiac  abnormality  was  discovered.  On  October  the  28th,  however,  the  regularity 
of  the  heart  was  frequently  interrupted  by  premature  beats. 


I  n  R  EGU  LAin  r  I  ES      IX      DIPHTHERIA.  41 

On  November  the  1st,  nasal  phonation  was  noticed  and  milk  was  regurgitated  tlirough  the 
nose.  The  temperature  was  98-2°  and  the  pulse  rate  88.  At  this  time  the  child  was  listless  and 
])alc,  and  tlie  extremities  were  cold.  During  tlie  next  three  w-eeks  she  seemed  to  impro\n  and 
beyond  marked  prostration  there  was  nothing  worthy  of  note,  though  tlie  first  soimd  of  the  heart 
was  feeble  and  the  a))ex  was  in  the  nipple  line.  On  November  the  22nd,  the  forty -first  day  of 
illness,  the  child  vomited  frequently  and  became  very  collap.sed.  Poljgraphic  records  taken  on 
this  day  showed  that  the  attack  was  associated  with  both  short  and  long  periods  of  paroxysmal 
tachycardia  which  recurred  at  intervals. 

On  December  the  2nd,  the  fifty-first  day  of  illness,  the  events  of  November  the  22nd  were 
repeated.  On  both  occasions  the  child  was  very  ill  and  it  seemed  impossible  that  slie  would 
recover  on  either  occasion.  But  she  was  discharged  cured  on  Februai-y  the  21st,  11)13,  having  been 
in  the  hospital  for  four  months. 

Poll/graphic  curves  of  CASE  i. 

Puroxysiaul  kuhycanlia.  Only  one  jiaroxysm  of  tachycardia  has  been 
recorded  in  this  series  of  eases  and  it  occurred  in  the  present  instance 
{CASE  4).  Although  the  origin  of  the  abnormal  rhythm  may  have  had  its 
seat  in  the  auricular  musculature,  I  think  it  probable  that  the  auriculo- 
ventricular  node  was  the  generating  focus.  The  attack,  the  termination  of 
which  is  represented  in  Fig.  16,  lasted  for  twenty-five  minutes  and  Mas 
accomiJanied  by  the  signs  and  symptoms  of  cardiac  distress  which  are 
associated  with  jjaroxysmal  attacks  of  tachycardia.  The  tracing  represented 
in  Fig.  16  was  taken  on  the  forty-first  day  of  illness,  and  similar  attacks 
were  frequent  on  that  day.  The  analysis  and  interpretation  of  this  tracing 
must  be  discussed  as  the  paroxysm  may  have  originated  in  the  auricular 
muscle  or  in  the  A-  V  junctional  tissues  (node  of  Tawara  and  bundle  of  His). 
Each  cardiac  cycle  is  represented  by  two  waves  in  the  venous  curve,  a  small 
wave  (marked  1)  and  a  larger  wave  (marked  2).  The  time  of  the  radial 
u^jstroke  (marked  4)  is  found  to  follow  the  upstroke  of  the  smaller  wave 
by  less  than  one-tenth  of  a  second.  If  the  paroxysm  was  generated  in  the 
auricular  musculature,  the  wave  a  due  to  auricular  systole  must  either  be 
included  in  the  small  wave  of  its  own  cycle  or  in  the  larger  wave  of  the 
preceding  cycle.  A  consideration  of  the  a-c  interval  mihtates  against  the 
acceptance  of  either  of  these  interpretations.  Firstly,  on  the  assumption 
that  the  upstroke  of  the  small  wave  indicates  the  beginning  of  auricular 
systole,  the  u-c  interval  is  excessively  short,  much  less  than  one-tenth  of  a 
second.  Secondly,  if  the  a  wave  hes  in  the  large  wave  of  the  previous  cycle 
the  a-c  interval  is  abnormally  long  Mhen  the  rapid  rate  of  the  heart  beat 
is  considered.  Also,  the  last  cycle  of  the  paroxysm  is  delayed,  and  with  this 
interpretation  a  sudden  lengthening  of  the  a-c  interval  has  to  be  assumed. 
This  would  be  very  unusual.  That  the  paroxysm  has  its  origin  in  the  a-c 
nodal  tissues  seems  more  probable.  If  this  is  the  correct  interj^retation  the 
small  wave  is  composed  of  auricular  and  ventricular  elements  (a  and  c  waves) 
and  the  larger  wave  is  a  v  wave,  whose  apex  coincides  with  the  bottom  of  the 
dicrotic  notch  of  the  radial  curve.  The  paroxysm  ends  abruptly  and  a 
typical  post-paroxysmal  pause  occurs  before  the  normal  rhythm  is 
re-established.  By  polygraphic  and  electrocardiographic  methods  Lewis* 
has  shown  that  attacks  of  paroxysmal  tachycardia  may  arise  in  the  nodal 
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tissues,  and  uiuler  nodal  rhytlim  it  has  been  shown  that  tliere  is  a  tendency 
in  the  diphtheritic  heart  for  the  .1-  V  node  to  become  the  originator  of  the 
cardiac  rhythm.  As  far  as  I  am  aware  no  instance  of  paroxysmal  tachycardia 
has  been  recorded  in  diphtheria.  In  the  patient  from  whom  this  tracing 
was  obtained  other  similar  attacks  occurred  on  December  the  2nd,  after 
which  convalescence  began  and  no  other  heart  irregularity  was  detected. 

Discussion. 

It  is  interesting  to  note  the  similarity — both  cUnical  and  pathological — 
which  existed  in  the  first  three  cases.  All  three  children  attended  the  same 
school  and  presumably  contracted  the  disease  from  the  same  source.  The 
duration  of  the  illness  which  terminated  fatally  in  aU  three  cases  was  almost 
identical,  as  two  of  them  died  on  the  thirteenth  day  of  illness  and  the  third 
died  on  the  fifteenth  day  of  illness.  The  march  of  the  disease  from  day  to  day 
gave  rise  to  changes  in  the  clinical  picture  which  followed  each  other  with  such 
regularity  that  one  description  might  have  served  for  till  three  cases.  The 
vomiting,  pallor,  gradual  dilatation  of  the  heart,  the  altered  character  of 
the  heart  sounds,  the  types  of  arrhythmia,  the  subnormal  temperature  and 
the  other  manifestations  of  toxa3mia  were  present  in  almost  each  particular 
in  all  three  cases.  This  coincidence  is  particularlj^  striking  in  the  time  of 
appearance  of  the  various  types  of  arrhythmia.  Premature  beats  of  the 
heart,  which  were  proved  to  be  of  auricular  origin  in  one  case  and  probably 
also  were  so  in  the  other  two  cases,  appeared  on  the  ninth  day  in  two  cases 
and  in  the  third  case  on  the  seventh  day.  In  two  cases  a  nodal  rhythm 
a])peared  on  the  tenth  day  and  in  the  third  case  on  the  eighth  day.  A 
condition  thought  to  be  auricular  flutter  w  as  noted  in  two  of  them  ;  in  one 
instance  on  the  eleventh  day  and  in  the  other  on  the  twelfth  day. 

The  fourth  case  stands  apart,  and  is  of  a  different  tj-pe  ;  in  this  case  the 
heart  weakness  was  heralded  by  auricular  extrasystoles  and  was  prolonged, 
and  the  patient  was  subject  to  paroxysms   of  tachycardia. 

And  now  brief  reference  may  be  made  to  each  variety  of  irregularity. 

Auricular  extrasystoles.  In  all  four  cases  premature  cardiac  beats 
were  detected  by  examination  of  the  heart  and  of  the  radial  pulse  and  were 
the  first  signal  of  the  later  and  more  marked  irregularities.  The  premature 
beat  has  been  shown  to  be  of  auricular  origin  in  CASE  1,  and  in  two  other 
cases  apart  from  this  series  I  have  obtained  tracings  which  prove  the  auricular 
origin  of  similar  premature  contractions.  The  frequency  and  the  time  of 
appearance  of  premature  beats  in  cases  of  diphtheria  are  at  present  the 
subject  of  investigation,  and  will  form  the  basis  of  a  further  communication 
on  the  heart  irregularities  in  this  disease. 

Nodal  r/ij/thni.  Under  this  title  an  attempt  has  been  made  to  prove 
that  the  auricles  and  ventricles  contract  as  the  result  of  a  stimulus  from  a 
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common  focus  and  that  such  a  common  focus  resides  in  the  auriculo- ventricular 
junctional  tissues.  As  this  rhythm  is  unusual  in  the  human  heart  it  is 
necessary  to  review  the  sujjport  which  can  be  found  for  this  conclusion  on 
experimental  and  cHnical  grounds.  Experimentally,  a  nodal  rhythm  is  said 
to  have  been  i)roduccd  under  three  different  conditions  : — 

1.  Engelmann-'  tied  a  Stannius"  ligature  between  the  sinus  venosus  and 
the  auricles  of  a  frog's  heart,  so  that  no  portion  of  the  sinus  structure  was 
left  on  the  auricular  side  of  the  hgature.  The  auricles  and  ventricles 
contracted  independently  of  the  sinus  venosus  ;  the  response  was  such  that 
cither  the  auricle  and  ventricle  contracted  together  or  the  ventricular 
contraction  preceded  the  auricular  contraction. 

2.  Cushny^  injected  aconitine  into  the  circulation  of  dogs  and  produced 
a  reversal  of  the  normal  heart  beat,  the  ventricle  contracting  before  the 
auricle.  By  repeated  electric  stimulation  of  the  ventricles  and  the 
ajjplication  of  iced  saline,  he  was  able  to  cause  simultaneous  contraction  of 
both  auricles  and  ventricles.  Cushny  also  states  that  "  simultaneous 
contraction  of  the  auricles  and  ventricles  may  be  obtained  by  passing  a 
shock  through  the  auricle  and  ventricle  by  electrodes,  one  of  which  is  placed 
on  tiu'  auricle  and  the  other  on  the  ventricle." 

;{.  Rothberger  and  Winterbergi-  produced  a  simultaneous  contraction  of 
aiuiclcs  and  ventricles  in  animals  l)y  stimulation  of  the  left  symjjathetic 
nerve.  A  nodal  rhythm  was  obtained  in  30%  of  their  experiments,  and 
the  ventricle  frequently  contracted  before  the  auricles. 

Though  I  am  not  aware  that  others  have  recorded  a  chnical  tyiJC  of 
nodal  rhythm  identical  with  those  which  are  now  recorded,  there  are  certain 
instances  in  previous  reports  which  bear  a  marked  similarity  to  this  form  of 
arrhythmia.  Mackenzie''  suggested  that  premature  beats  might  arise  in  the 
A-  V  node  (nodal  extrasystoles)  and  published  tracings  in  which  extrasystoles 
disturb  a  normal  rhythm,  where  both  the  auricular  and  ventricular  components 
of  the  extrasystole  were  premature.  More  recently  Cowan,  Fleming  and 
Kennedy  2  have  pubhshed  three  cases  in  which  the  rhythm  of  the  heart  was 
regular,  but  the  a-c  interval  was  so  short  (06,  -10,  -10)  that  they  were  unable 
to  believe  that  the  rhythm  was  generated  in  the  normal  pacemaker  (S-A  node) 
and  assumed  a  common  site  of  origin  in  the  ^4-  V  tissues.  Post-mortem  in 
these  cases  the  A-  V  node  was  found  to  be  the  seat  of  an  acute  inflammatory 
process.  A  similar  rhythm  was  thought  to  exist  in  a  case  published  by 
Cowan  and  Ritchie^  in  which  the  a-c  interval  measured  at  -10  second.  Belski^ 
also  shows  tracings  which  seem  to  demonstrate  simultaneous  contraction  of 
auricles  and  ventricles  in  cases  of  acute  rhcunuxtism,  tyjjhoid  fever  and 
scarlatina.  Hecht"  has  pubhshed  polygrai^hic  and  electrocardiographic 
tracings  obtained  from  a  child  of  7  years  suffering  from  pharyngeal  diphtheria, 
which  are  thought  to  indicate  a  nodal  rhythm. 
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The  suggestion  that  the  true  jiaceinaker  of  the  heart  (the  S-A  nnth")  is 
in  abeyance  and  that  its  function  is  usurped  by  the  auriculo-ventricuhir  node 
seems  to  meet  with  some  pathological  support.  Because  the  most  acute 
inflammatory  lesions  were  discovered  in  the  region  of  the  sino-auricular  node 
while  the  auriculo-ventricular  node  was  unaffected. 

Heart-block.  Magnus-Aisle  ben/"  T.  B.  Fleming  and  A.  M.  Kennedy,* 
Price  and  Ivy  Mackenzie,  ^^  have  published  instances  of  heart-block  in 
diphtheria,  and  it  is  noteworthy  that  the  authors  of  the  last  case  found  that 
the  main  stem  and  branches  of  the  auriculo-ventricular  bundle  were  normal. 
In  my  own  case  the  bundle  was  the  seat  of  some  capillary  engorgement 
which  was  not  present  in  the  other  two  cases. 

Auricular  flutter.  That  the  jugular  curves  contained  in  Fig.  9  and  15 
in  CASES  1  and  3  respectivel}'  are  indicative  of  auricular  flutter  is  a  tentative 
interpretation.  It  is  recognised  that  the  speed  of  the  auricles,  which  this 
view  assumes,  is  very  great,  varying  as  it  does  between  480  and  500.  In  no 
case  of  auricular  flutter  hitherto  published  has  the  auricular  rate  exceeded 
350  beats  per  minute,  though  all  such  instances  were  in  adults.  It  may  be 
possible  that  the  auricles  of  the  child  can  attain  a  higher  speed. 

In  conclusion,  it  is  believed  that  the  systematic  examination  of  the 
heart  in  severe  cases  of  diphtheria  by  graphic  methods  will  corroborate 
the  discovery  that  many  forms  of  arrhythmia  occur  in  this  disease  which 
cannot  be  recognised  by  ordinary  methods  of  examination. 

I  have  great  pleasure  in  acknowledging  the  debt  which  I  owe  to  Dr. 
S.  J.  Clegg,  the  Resident  Medical  Officer,  City  Hospital  for  Infectious 
Diseases,  Newcastle-on-Tyne,  for  his  interest  in  the  subject  and  the  valuable 
assistance  which  he  afforded  me  in  the  investigation  of  the  cases. 
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OBSERVATIONS    RELATING    TO    DYSPNCEA    IN    CARDIAC    AND 

RENAL    PATIENTS. 

Bv    THOMAS    LEWIS,     J.     II.     RYFFEL,     C.     G.     L.     WOLF, 
T.  COTTON  AND  .lOSEPH  BARCROFT.* 

( London  and  Cambridge.) 

The  observations  of  the  present  paper  were  suggested  by  certain  general 
observations  upon  breathlessness  in  patients  who  are  the  subjects  of  heart 
disease.  They  were  suggested  especially  by  a  comparison  of  the  degree  of 
breathlessness  and  the  degree  of  cyanosis  in  certain  groups  of  cases.  There 
are  forms  of  congenital  disease  of  the  heart  where  the  venous  blood  passes 
into  the  systemic  arteries  through  openings  which  short-circuit  the  lungs, 
and  where  much  of  the  blood  is  transferred  from  venous  to  arterial  svstem 
in  an  unaerated  condition  ;  in  these  subjects,  blueness  is  a  conspicuous 
manifestation.  Yet  it  is  a  noteworthy  fact  that  in  many  of  these  patients, 
as  they  he  in  bed,  dj'spnoea  may  not  be  great.  It  appears  from  this 
observation  that  deficient  aeration  of  the  blood  as  it  enters  the  aorta,  thence 
to  be  distributed,  has  to  be  considerable  before  urgent  dyspnoea  is  exhibited. 
Now  although  a  proportion  of  those  heart  patients  who  suiier  from  laboured 
breathing  show  what  maj-  be  termed  deep  cyanosis,  yet  a  large,  if  not  equal, 
number,  though  breathless,  are  far  less  blue.  In  extreme  instances  the 
breathlessness  of  a  patient  may  be  urgent,  yet  cyanosis  may  be  slight  or  even 
absent.  It  becomes  apparent  that  lack  of  aeration  is  an  insufficient 
explanation  of  breathlessness  in  a  large  jiroportion,  if  not  in  the  majority  of 
very  breathless  patients.  It  matters  not  if  the  breathlessness  be  attributed 
to  slow  circulation  through  the  lungs  or  to  obstructed  air  entry,  the  same 
argument  applies  ;  a  patient  who  suffers  from  deficient  blood  aeration 
must  inevitably  be  blue,  and  if  he  be  very  breathless  as  a  result,  blue- 
ness must  be  conspicuous.  In  renal  disease,  in  many  patients  who  are  said 
to  suffer  from  emplwsema  and  bronchitis  and,  lastly,  in  many  cases  of  heart 
disease,  this  association  of  breathlessness  with  an  equivalent  degree  of 
cyanosis  is  not  witnessed.  In  all  such  patients  some  cause  of  breathlessness, 
apart  from  the  purely  physical  relations  of  blood  and  air  in  the  alveoU,  has 
to  be  found. 

*  The  expenses  have  been  defrayed  by  grants  from  the  Graliam  Research  Fund  anil  the 
Royal  Society. 

The  clinical  obseirations  and  collection  of  samples  have  Ix»en  undertaken  by  Lewis  ;  the 
blood  gas  and  alveolar  analyses  by  Barcroft  ;  the  urea  (hypo-bromite)  and  chloride  blood  analyses 
by  Cotton  ;  the  nitrogen  (Folin)  blood  analyses  by  Wolf ;  the  leictic  acid  blood  analyses,  and  the 
special  urine  analyses  by  Ryffel.  The  individual  workers  are  responsible  for  the  corresponding 
sections  of  this  paper.  It  is  a  pleasure  to  the  u-riters  to  acknowledge  their  inclel>tcdness  to 
Dr.  Fumess.  of  Lambeth  Infirmarj-,  where  several  of  the  patients  were  under  his  care,  and  also 
to  Dr.  Thiele.  of  University  College  Hospital,  who  made  many  of  the  blood  counts,  and  to 
Dr.  King,  who  collected  manj-  of  the  blood  samples. 
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We  coninioncod  our  study  by  investigating  such  suhjeets  of  heart 
disease  who,  while  extremeh'  breathless,  showed  but  slight  grades  of  cyanosis, 
and  arriving,  as  we  think,  at  a  satisfactory  explanation  of  the  dyspnoea  in 
these  patients  have  extended  our  search.  We  have  included  cases  in  which 
cyanosis  was  distinct  or  moderately  deep,  but  in  which  at  the  same  time  it 
has  been  felt  that,  considered  as  an  index  of  deficient  aeration,  the  cyanosis 
accounted  imperfectly  for  the  degree  of  accompanying  d3'spncea.  In  these 
cases  also  an  additional  cause  of  breathlessness  has  been  found.  The  cause 
in  the  first  group,  and  the  additional  cause  in  the  last,  is  the  same,  namely, 
relative  acidity  of  the  blood  ;  an  acidity  which  is  not  due  to  an  excess  of 
carbonic  acid  gas.  The  observations  as  a  whole  give  to  breathlessness, 
especially  as  it  is  observed  in  cardiac  patients,  a  new  aspect,  and  suggest 
the  possibility  of  eventually  linking  together  types  of  dyspnoea  hitherto 
considered  distinct. 

There  are  more  particularly  two  classes  of  patient  who  exhibit 
breathlessness,  as  yet  of  unexijlained  origin.  In  one  class  the  predominating 
lesions  are  renal,  and  to  breathlessness,  occurring  in  such  subjects,  the  term 
"  ursemic  dyspnoea  "  is  usually  applied  ;  on  the  other  hand,  there  is  a  class 
in  \\hich  the  heart  appears  to  be  the  chief  seat  of  mischief,  and  the 
breathlessness  is  often  sudden  in  its  onset,  or  periodic  in  its  intensitj', 
increasing  in  severity  it  may  be  at  night,  and  meriting  according  to  many 
writers  the  term  "  cardiac  asthma."  Our  investigations  include  cases  which 
would  be  placed  in  the  uraemic  group  by  some,  and  cases  which  would  be 
placed  in  the  "  cardiac  asthmatic  "  group  by  others.  WTiether  a  given  case 
belongs  to  one  group  or  to  the  other,  is  oftentimes  a  matter  of  opinion  or 
terminolog}-.  The  terms  '"  uraemic  dyspnoea  "'  and  "  cardiac  asthma  "  are 
differently  employed  by  different  observers  ;  inevitable  confusion  follows 
ignorance  of  the  underlying  cause  of  the  chief  symjitom.  Wiile  the 
present  investigation  suggests  the  identity  of  '"  cardiac  asthma  "  on  the  one 
hand  and  "  renal  asthma  "  on  the  other,  an  extension  of  the  observations 
should  finally  and  definitely  separate  them  or  link  them  together. 

We  may  waive  further  discussion  of  this  subject  for  the  present,  and 
^\ith  more  profit  may  describe  briefly  the  clinical  associations  of  a  certain 
form  of  acid  intoxication,  as  they  are  at  present  positively  known  to  us  ; 
leaving  future  observations  to  add  other  tj^ies  in  which  the  breathlessness 
proceeds  from  a  similar  cause. 

Clinical  Associations  of  the  Acidosis. 

The  most  striking  feature  of  the  acidosis  which  we  shall  describe  is 
breathlessness,  and  breathlessness  in  a  subject  who  is  neither  conspicuously 
anremic,  nor  conspicuously  c3'anosed.  The  patients  of  our  series,  in  \\hich 
this  symptom  has  occurred,  have  been  elderh' ;  the  youngest  subject  being 
50  years  of  age.  The  onset  of  the  dyspnoea  may  be  sudden  (as  in  CASE  12), 
though  more  usually  it  is  gradual.  It  fluctuates  in  degree,  so  that  at  one  time 
the  patient  may  breathe    freeh',   while  at  another  time  the  struggle  for 
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breath  may  be  extreme ;  more  customarily,  there  is  constantly  some 
breathlessness,  but  iieriodically  it  increases.  An  increase  \\ith  exercise  is 
almost  alwaj's  spoken  of  ;  an  increase  in  the  recumbent  posture  is  witnessed 
to  by  the  almost  invariable  orthopncea.  Yet  orthopncea  is  not  a  necessary 
accompaniment  (CASE  4).  An  intensification  at  night  of  unexplained 
origin*  is  extremely  frequent ;  the  patient  often  awakens  to  feel  himself 
suffocating  and  the  struggle  for  breath,  often  of  a  most  distressing  kind, 
may  be  maintained  for  a  few  minutes,  a  half  hour  or  longer.  Periodic 
breathing  of  the  Cheyne-Stokes  type  is  present  in  a  large  proportion  of  the 
patients  ;  but  this  symptom  may  lack  conspicuousness  ;  there  may  be  no 
real  apnoea  but  a  simple  waxing  and  waning  of  tlie  tidal  flow  or  a  waxing  and 
waning  of  the  residual  capacity.  The  sign  may  require  very  deliberate 
search  to  elicit  it ;  otherwise  it  frequently  escapes  notice.  For  this  reason, 
curves  of  respiration  have  been  taken  in  all  our  cases,  and  usually  on  many 
occasions  in  each  case. 

Wasting  is  frequent  and  often  considerable  ;  anaemia  is  present  in  some 
degree  in  most  instances,  but  is  usually  slight  in  extent.  Drowsiness  and 
general  apathy  are  often  present,  and  may  finally  deepen  to  coma. 

The  heart  shows  enlargement  in  all  cases,  the  chambers  are  dilated  and 
hypertrophied  ;  gallop  rhythm  is  frequent,  murmurs  are  infrequent,  though 
any  valve  lesion  may  be  present.  The  heart's  mechanism  may  be  normal, 
and  when  this  is  the  case  the  pulse  frequency  is  raised,  Hnng  usually  between 
SO  and  100  and  being  more  frequent  towards  evening.  IMany  different 
perversions  of  mechanism  have  been  seen  ;  they  may  take  the  form  of 
extrasystoles,  paroxysmal  tachycardia,  auricular  fibrillation,  heart-block 
or  alternation.  Angina  pectoris  may  be  present.  The  heart  muscle  may  be 
fatty  ;  coronary  disease  is  the  rule.  Dropsy,  when  present,  has  always  been 
of  the  cardiac  t3rpe.  Venous  stasis  is  usual,  though  its  amount  varies  ;  the 
veins  are  generally  full,  and  the  liver  enlarged.  The  degree  of  cyanosis  and 
the  degree  of  orthopncea  usually  goes  hand  in  hand  with  the  other  signs  of 
stasis.  A  general  atheromatous  condition  of  the  vessels  is  the  rule  ;  the 
blood  pressure  is  often  very  high,  but  may  be  normal. 

When  there  are  few  signs  of  venous  stasis,  the  urine  is  increased  in 
quantity  ;  the  presence  of  albumen  and  granular  casts  is  customary.  Dryness 
of  the  mouth  and  thirst  are  often  experienced  by  the  patients.  Retinitis 
has  not  been  seen  ;  vomiting  and  cerebral  attacks,  in  the  form  of  convulsions 
or  hemiplegia  have  been  encountered  on  more  than  one  occasion.  Headache 
may  be  severe.  A  retention  of  urea  was  found  in  three  cases,  all  of  wliich 
died  within  twenty-four  hoiu-s  (CASES  1,  2  and  3)  ;  in  one  of  these  cases 
the    retention    developed    while    the    case    was    under  observation.     The 

*  Tlie.se  attacks  are  not  the  result  of  apnoeic  periods  in  the  breathing  ;  they  are  found  in 
patients  in  whom  Che^^le-Stokes  breathing  is  not  seen  {CASES  9  and  10)  ;  and  in  those  in  whom 
this  symptom  occurs,  the  distress  is  an  accompaniment  of  rapid  breathing  (CASE  5)  ;  drowsiness 
and  apathy  mark  the  apno'ic  stage,  of  which  the  patient  is  unconscious.  Later  it  will  ajipear 
that  the  condition  of  the  blood  is  very  similar  to  that  which  obtains  at  high  altitudes.  The 
acute  symptoms  of  moimtain  sickness  often  come  on  at  night. 
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kidneys  may  be  of  the  red  granular  generally  contracted  type  {CASE  3),  or 
of  tiiearterio-sclerotic  type  (CASES  8  and  11)  ;  more  frequentl}'  they  are 
enlarged  and  show  a  fine  granular  surface  and  on  section  considerable  arterial 
disease  and  fibrosis.    Tn  no  instance  have  normal  kidneys  been  found. 

A  subnormal  temperature  is  the  rule.  The  condition  usually  ends 
fatally  within  a  short  time,  and  especially  is  this  the  case  where  signs  of 
cardiac  failure  are  prominent. 

In  the  succeeding  account  we  shall  refer  to  these  patients  as  the  special 
cases,  to  distinguish  them  from  the  cases  of  simple  cardiac  dyspnoea  which 
were  also  examined. 

Blood  Gas  Analyses. 

We  decided  to  examine,  in  the  first  instance,  the  blood  gases  of  the 
"  special  cases  "  which  have  just  been  described,  in  the  hojie  of  discovering 
a  chemical  stimulus,  the  presence  of  which  might  be  regarded  as  activating 
the  respiratory  centre.  We  examined  at  the  same  time,  and  for  comparison, 
cases  of  simple  cardiac  dyspnoea.  In  both  groups  a  chemical  stimulus  was 
found,  but  the  stimulus  is  not  identical  in  the  two  groups,  as  will  be  seen  in 
the  succeeding  section  of  this  paper. 

Testing  for  n  chemical  {acid)  stimulus. 

The  method  is  based  upon  the  view*  that  the  respirator}'  centre  is 
stimulated  b}'  acid.  The  simplest  and  no  doubt  the  commonest  acid  is  COg 
but  other  acids  produce  the  same  effect.  For  example,  in  exercise  the 
respiration  quickens  because  of  the  production  of  carbonic  acid  which 
increases  the  concentration  of  that  gas  in  the  blood  and  so  stimulates  the 
respiratory  centre,  the  evidence  of  increased  concentration  of  CO^  in  the 
blood  is  the  increased  presence  of  CO^  in  the  alveolar  air  of  the  lung. 

But  this  simple  mechanism,  which  involves  only  the  blood,  the  brain 
and  the  lung,  is  one  which  becomes  rapidly  superseded  during  exercise  by  a 
more  comi^licated  one  ;  not  only  is  carbonic  acid  produced,  but  also  lactic 
acid.  These  jointly  stimulate  the  respiratory  centre.  Yet,  in  order  to  get 
the  blood  back  to  its  normal  condition,  both  the  lungs  and  the  kidneys  are 
involved  ;  but  whereas  CO^  is  rapidh^  got  rid  of  by  the  lungs,  lactic  acid  is 
slowly  got  rid  of  by  the  kidneys.  Inasmuch,  therefore,  as  the  duration  of 
the  stimulus  to  the  respiratory  centre  lasts  till  the  blood  gets  back  to  its 
former  reaction  (the  nature  of  the  acid  being  indifferent),  the  general  result 
of  long  exercise  is  to  increase  the  lactic  acid  in  the  blood  at  the  expense  of 
the  carbonic  acid,  there  is,  in  fact,  an  obvious  lactic  acidosis.  The  following 
changes  may  therefore  be  discerned  in  the  blood  by  a^jpropriate  methods 
during  continued  exercise. 

1.  The  balance  of  acids,  including  carbonic  acid  united  to  bases  in 
the  blood,  changes,  shifting  in  the  direction  of  greater  acidity. 

*  Altliougli  the  bald  statement  we  have  made  is  to  some  extent  controversial  we  have  not 
considered  it  necessary  to  go  into  tlie  historical  evidence  on  whicli  this  view  is  based ;  this  will  lie 
found  in  any  modern  text  book,  e.g.,  those  of  Starling  or  Zuntz  and  Lowy,  second  edition. 
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2.  There  is  considerable  lactic  acidosis  which  can  only  be  set  right  by 
the  kidney. 

3.  There  is  a  iall  in  tlic  concentration  of  CO.^  in  tlic  l)[ood,  as  testified 
by  the  fall  of  CO.,  pressure  in  the  alveolar  air. 

These  facts  w  ith  regard  to  the  reaction  of  the  blood  may  best  be  observed 
by  using  the  atifinity  of  oxygen  for  ha?moglobin  as  an  "  indicator."  Any 
shifting  of  the  reaction  of  the  blood  in  the  acid  direction  means  a  decreased 
affinity  of  the  corpuscles  for  oxygen  ;  any  shifting  in  the  alkaline  direction 
means  an  increased  affinity  for  oxygen. 

Fig.  1  shows  the  effect  of  increasing  amounts  of  CO.,  on  the  affinity  of 
human  blood  for  oxygen.     Plotted  horizontally  is  the  oxygen  pressure,  and 
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Fig.  1. 

vertically  is  the  quantity  of  oxygen  united  with  the  blood.  Inasmuch  as 
different  samples  of  blood  have  different  ha?moglobin  values,  it  would  be 
erroneous  to  plot  the  absolute  amount  of  oxygen  united  with  the  haemoglobin 
as  the  ordinate,  but  rather  the  percentage  of  oxygen  relative  to  the  whole 
oxygen  capacity  of  the  blood. 

Of  these  curves  that  determined  in  the  presence  of  40  mm.  pressure  of 
carbonic  acid  is  the  actual  dissociation  curve  of  the  blood  of  the  person  as  it 
exists  in  his  bod}'  normally.  The  person  from  whom  this  blood  came  then 
has  a  normal  alveolar  pressure  of  40  mm.  of  CO^ ;  to  test  whether  his  blood 
has  its  normal  properties,  a  small  quantity,  say  about  1-3  cc,  is  put  in  a 
tonometer  (Fig.  2)  of  about  250  cc.  capacity.  The  tonometer  has  previously 
been  filled  with  nitrogen,  oxygen  (say  30  mm.)  and  CO.,  (40  mm.).  The  tono- 
meter is  rotated  in  a  bath  at  the  temperature  of  theboch'.andwhenequilibrium 
has  been  attained,  the  blood  is  w  ithdraw  n  and  its  percentage  saturation  w  ith 
oxygen  measured  by  the  differential  method.*     The  gas  in  the  tonometer 


*  Barcroft  and  Roberts.      Joiirn.  of  Physiol,  1910,  xxrir,  429. 
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is  also  analysed.  In  the  case  stated,  i.e.,  where  the  COo  pressure  is  4  0  mm. 
and  the  oxygen  pressure  is  30  mm.  the  percentage  saturation  of  the  blood 
should  be  58"q.  If  it  is  less  than  this,  the  reaction  of  the  blood  has  shifted 
in  the  acid  direction  ;  if  more  than  this,  the  reaction  has  shifted  in  the 
alkaline  direction. 


Fig.   2. 

The  condition  in  which  the  blood  takes  up  less  than  its  usual  share  of 
oxygen  is  called  meionexy  ;  the  opposite  condition,  that  in  w  hich  it  takes 
up  more  than  its  usual  share,  is  called  pleoncxy.  Meionexy  indicates  a 
shifting  of  the  reaction  in  the  acid  direction.  If  the  blood  were  meionectic, 
we  should  expect  stimulation  of  the  respiratory  centre. 

It  is  desirable  to  be  able  to  express  the  degree  of  meionexy  in  units. 
For  this  purpose,  advantage  can  be  taken  of  the  fact  that  these  curves  do 
not  appear  to  be  fortuitous,  but  are  capable  of  expression  by  a  general 
formula. 

This  formula*  is  based  on  the  conception  that  the  inter-action  between 
haemoglobin  and  oxygen  is  a  reversible  chemical  change  ;  the  molecules  of 
oxj'-haemoglobin  form  at  a  certain  velocity  from  oxygen  and  reduced 
haemoglobin  and  again  break  up  at  another  velocity  into  oxygen  and 
haemoglobin  ;  the  ratio  of  these  velocities,  the  one  to  the  other,  is  signified 
by  the  letter  K.  The  molecules  of  haemoglobin  are  not  single  molecules, 
but  are  aggregated  together  in  grouj^s,  the  average  number  of  molecules 
in  each  group  is  signified  by  the  letter  n.  If  now  the  oxvgen  pressure  is  x, 
and  the  percentage  saturation  y  : 


100  1  +  K3^ 

Inasmuch  as  a  change  in  reaction  does  not  appear  to  influence  n  to  any 
appreciable  extent,  the  equation  practically  only  contains  one  variable, 
namely  A',  and  the  curve  in  which  a  given  point  lies  is  established  if  the 
value  of  K  is  known. 

The  values  of  A'  for  the  curves  given  above  are  : — 

0  mm.  CO.,  -00258 

3  mm.  CO.^  00130 

20  mm.  CO.^  000505 

40  mm.  CO',  -000292 

90  mm.  COJ  000135 

*  Hill  (Proc.  Physiol.  Soc.,  Journ.  ol  Physiol.,  1910.  xl,  v  ).  Douglas  Haldane  and  Haldane 
have  suggested  a  much  more  complicated  formula  which  might  equally  have  been  used.  Our 
reasons  for  regarding  the  simpler  one  as  the  more  accurate  are  set  forth  in  a  paper  by  Barcroft 
and  Hill  at  present  in  the  press  in  the  Biochemical  Journal 
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Therc't'ori".  as  the  roiictlon  sliil'ts  in  \\\v  ;ui(l  diivction,  tho  value  nt  A' 
tails,  or  tlu'  more  lueioneetic^  the  Mood,  tiie  smaller  the  value  of  A'. 

Xou  A  has  not  tjuite  the  same  value  even  in  normal  persons;  taking  men 
of  various  ages  and  modes  of  life,  it  varies  within  limits  of  approximately 
•00036  —  -00021.  It  seemed  desiral)le  to  ascertain  within  what  limits  K 
stood  in  the  case  of  hospital  jiatients,  whose  ailments  were  such  as  not  to 
involve  the  probability  of  any  change  in  reaction  of  the  blood.  These  show 
a  greater  degree  of  constancy,  jirobahly  because  they  live  more  uniform  lives, 
and  are  more  of  an  age  than  the  geneiality  of  mankind. 

The   followins  control   eases   were   determined. 


Deiertnindlinnt  in  .'^iwple  rnutmJ.i. 


Ca.se. 

Sex 

.\ttE. 

.VU.MENT. 

A". 

Hi. 
17. 
IS. 

H.  H. 

n.  0. 
w.  s. 

.Mnlo 

4.', 
(il 

Oa.stric 

.Vpi^endix 

(eonvalesr>pnt ) 
Rectal  fistula 
(ponvalpsoent) 

■0!)()27 

■00028 
■00(I2."> 

As  controls  we  also  used  the  ••  special  cases  ''  after  they  had  recovered  fKtiii 
their  dyspnoea,  temporarily,  at  all  events. 

Deterinitialion    in  xjiprial  rnnirnlx. 


Case. 

Skx 

.\(:e. 

A'. 

1. 

J.  P. 

Male 

ii'i 

(2i)il 

observation ) 

•00023 

n. 

M.  P. 

Female 

111 

(2ik1 

(ihservation) 

•000274 

12. 

P.  J. 

Male 

.'ill 

■0003:? 

Taking  these  cases  together,  tlie  limits  in  the  value  of  A  are  00023  — 
•00033.  A  more  accurate  idea  of  what  these  figures  mean  may  be  deriv^ed 
from  Fig.  3.  The  black  area  may  be  regarded  as  that  within  wliich  any 
curve  may  be  expected  to  fall,  if  the  reaction  of  the  blood  is  to  be  regarded 
as  normal. 

In  comparison  with  the  controls  and  sjiecial  controls,  which  have  a 
value  for  A  between  ^00023  and  -00033,  stand  the  cases  of  dyspnoea.  All 
the  dyspnoeic  cases  had  values  below  •00022.*  The  following  values  of  K 
were  found  for  dyspnoeic  cases  ;  they  are  grouped  into  si^ecial  cases  of 
dyspnoea  and  cases  of  simple  cardiac  dyspnoea. 

*\Vith  the  exception  of  f'.4N/J  1.").  This  jiatiint  .showed  a  little  dyspnoea,  but  A' was  estimated 
at  00034.  We  could  find  no  evidence  of  an  acid  stimulus.  CO..  or  otherwise,  in  his  blood.  It  is 
probable  that  the  alveolar  CO.,  was  considerablv  luiderestimated,  or  that  a  reflex  factor 
was  present  in  this  case.     We  have  consequently  excluded  him  from  our  tables. 
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Special  cases  of  dyspnaut. 


D.\TE   OF 

C.^SE. 

Se.v. 

.\<;e. 

Observ.\tion. 

V.\LrE  OF  A'. 

1. 

J.   P. 

Male 

09 

7.3.12 
7.4.13 

•00018 
00008 
•00011 

0 

H.   L. 

Female 

00 

5.5.13 
23.5.13 

•00013 
•00019 

3. 

O.   S. 

Male 

(17 

20.4.13 

•00013 

4. 

D 

Male 

it  1 

8.5. 13 

•OIM122 

5. 

F.  C. 

Male 

53 

29.1.13 
5.2.13 

(101112 
■00015 
•00010 
•00016 

6. 

A.  S. 

Male 

o/ 

19.5.13 

■001  li  I 

"• 

F.   S. 

Male 

(!3 

14.5.13 
21.5.13 

■0111120 

•00020 

!l. 

M.   P. 

Female 

(U 

23.5.13 

•00020 

10. 

H.   P. 

Male 

5U 

2S.4.13 

•00010 

Simple 

cardiac 

dyspnoea 

13. 

T.  C. 

Male 

40 

21.4.13 

•00020 

14. 

E.  JI. 

Female 

211 

4.G.13 

•00021 

100 

J 

^^ 

— 

^ 

< 

A 

f 

CO 

f 

/ 

/ 

l\ 

8 

J.     0 

1 1 

/ 

O^    PftEssufte 


This,  then,  is  the  first  point  ;  the  dyspnoeic  cases  had  abnormally  low 
vahies  for  K  ;  and  were  therefore  meionectie.  In  the  "  special  cases  "  as  in 
the  simple  cardiac  cases,  the  dyspnoea  was  shown  to  be  due  to  a  chemical 
stimulus,  namely  increased  acidity  of  the  blood. 
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When  first  we  discovered  that  some  of  these  cases  appeared  to  he  raeionectic,  a  possible 
fallacy  occurred  to  us. 

Moranitz  has  pouited  out  that  under  certain  circumstances,  blood  will  reduce  itself  to  an 
appreciable  extent  in  a  short  time.  It  seemed  possible  that  this  might  be  taking  place  in  our 
apparatus,  and  that  diu-ing  the  process  of  analysis  the  blood  might  be  undergoing  self  reduction, 
an  event  which  would,  of  coiu-se,  give  abnormally  low  percentage  saturation.  The  circumstance 
imder  which  Morawitz  observed  this  phenomenon  was  an;emia,  either  in  pathological  conditions, 
or  as  the  result  of  the  withdrawal  of  considerable  quantities  of  blood  from  the  circulation.  He 
attributed  it  to  the  metabolism  of  a  hu-ge  number  of  freshly  formed  red  corpuscles  in  the  circulation 
Although  in  the  subjects  of  the  present  research  aniemia  was,  at  most,  slight,  it  seemed  desirable 
to  investigate  the  question  of  whether  the  blood  possessed  any  exalted  power  of  reducing  itself. 
This  test  was  carried  out  in  two  ways.  (1)  At  107  mm.  oxygen  pressure  both  normal  blood 
and  blood  which  is  meionectic  to  the  extent  observed  in  these  investigations  are  practically  fully 
saturated  with  oxygen,  98%  or  over.  This  pressure  is  attained  by  putting  atmospheric  air  in 
the  tonometer  and  tlien  heating  up  to  37 'C.   Suppose  now  we  take  three  tonometers.  A,  B  and  C. 

Into  A  put  air,  CO..   (40  mm.)  and  blood  from  a  normal  person. 

Into  B  put  air,  CO..   (40  mm.)  and  blood  from  the  patient. 

Into  C  put  oxygen  30  mm..  CO.,  40  mm.  and  blood  from  the  patient. 
If  there  is  no  self  reduction  of  the  blood  during  analysis,  the  difference  between  the  percentage 
saturation  of  A  and  C  and  of  B  and  C  will  be,  to  all  intents  and  purposes,  the  same  ;  but  if  the 
blood  of  the  patient  reduces  itself,  both  B  and  C  will  give  readings  wliich  are  too  low,  and  therefore 
the  difference  between  A  and  C  will  be  greater  than  between  B  and  C.  This  test  was  performed 
in  the  blood  of  a  patient  (CASE  5),  with  the  result  that  there  was  found  to  he  no  appreciable 
self  reduction.  (2)  In  the  case  of  another  patient  {CASE  1 ),  a  small  quantity  of  blood  was  shaken 
with  air  and  drawn  into  a  glass  syringe,  the  orifice  of  this  sjTinge  was  closed  with  a  cap  of  plasticine 
and  the  whole  incubated  for  45  minutes  at  37%.  At  the  end,  no  reduction  was  found  to  have 
taken  place. 

In  the  light  of  these  tests,  our  deduction  that  the  dyspnceic  patients  were  meionectic  remained 
valid. 

Alveolar  air  analyses. 

It  is  e.ssential  to  the  above  test  for  the  reaction  of  the  blood  that  the 
patients'  blood  should  be  exposed  in  the  tonometer  to  the  carbonic  acid 
pressure  of  his  alveolar  air  Avhilst  the  test  is  being  carried  out.  It  is,  therefore, 
necessary  to  determine  the  composition  of  the  alveolar  air  in  each  case. 
This  was  done  bj-  the  method  of  Haldane  and  Priestley. ^^  The  alveolar 
air  was  received  into  a  vacuous  tube,  and  was  subsequently  analysed  by 
Haldane's  method.  Two  or  three  samples  were  usually  taken  ;  the  results 
given  by  those  taken  from  most  of  the  members  of  our  series  differed  more 
than  those  from  a  person  accustomed  to  serve  as  the  subject  for  such 
determinations.  ^loreover.  in  some  ca-ses,  the  movements  of  the  chest  were 
so  restricted  as  to  make  the  determinations  very  rough  ones.  Nevertheless, 
it  is  clear  that  there  is  a  vide  departure  in  manj^  cases  from  the  normal 
value  which  may  be  considered  as  3G-42  mm.. 

The  follow  ing  is  the  alveolar  air  determination  from  the  cases  cited  above, 
w  hich  we  regard  as  control  cases  : 


Simple  controls. 

Case. 

.Alveolar  pressure  of  CO„  in  mm. 

16. 
17. 
18. 

H.  H.        ... 
R.  G. 
W.  S. 

40,  38,  38 
35o,  3G-8 

41,  41,  39 

1. 

9. 

12. 

Spe 

J.   P.  (2ndobs.) 
M.  P.  (2ndobs.) 
R.  J. 

rial  controls. 

25,  31 
40,  41 
Doubtful 
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Taking  these  tlierefore  as  normal  figures  of  patients  whose  respiration 
was  unaffected,  the  following  figures  from  the  dyspnoeic  patients  should  he 
compared  with  them. 

Special  form  of  dyspnoea. 


Case. 

Al 

V.   CO., 

n  mill. 

D.vvi:. 

I. 

J.   P. 

34, 

2() 

3U 

7.3.13 
7.4.13 

•> 

H.    L. 

:il 

.-)..-..  13 
23.5.13 

3. 

O.  S. 

13 

4. 

u.    .. 

-•7, 

30 

5. 

!•■.  C. 

2S. 
31, 

■}- 
27, 
27, 

2S 
31 

20.1.13 

.-..2.13 

14.2.13 

U. 

A.  S. 

2U, 

2G 

7. 

F.  S. 
Jl.  1'. 

\llid  uIj:>.  1 

34, 
32, 

3(i. 

34, 
■il, 

33 

31 
33 

14.5.13 
21.5.13 

10. 

H.  r. 

27 

13.     T.  V. 
11.     K.  JI. 


Simple  cardiac  tli/vpnunt. 
4i:.  47 
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When  first  we  found  these  low  CO^  values  in  the  "  special  cases  "'  it 
seemed  possible  that  they  might  be  due  to  some  unobserved  error  in  the 
apparatus.  With  exactly  the  same  apparatus,  control  tests  were  done  on 
one  of  us,  w  Inch  gave  the  normal  alveolar  jfrcssure  of  40  mm.  and  respiratory 
quotient  of  -D  (see  the  consideration  of  respiratory  quotients  later).* 

The  most  obvious  feature  of  the  above  data  is  the  relative  absence  of 
figures  ranging  between  35  and  40  mm..  The  cases  range  themselves  into 
two  quite  distinct  groups  ;  those  on  the  high  side  of  the  control  cases  and 
those  which  range  considerably  below  the  control  cases.  Whilst  it  is  possible 
that  there  may  be  sufficient  excess  of  carbonic  acid  in  the  blood  of  the  simple 
cardiac  dyspnoeas  (CASES  13  and  14)f  to  explain  the  rather  moderate 
degree  of  meionexy  observed  in  these  cases,  it  is  clear  that  the  remaining 
cases  of  meionexy  cannot  be  explained  in  this  way,  for  in  all  of  them  the 
alveolar  CO.,  pressure,  so  far  from  being  increased,  was  diminished  ;  in  some 
cases  diminished  to  a  remarkable  degree.  It  was  necessary  to  seek  another 
cause  for  the  meionexy  in  the  form  of  excess  of  non-volatile  acids  in  the  blood. 

*  Straub  and  Sclilayer"  found  low  tensions  of  alveolar  CO.,  in  a  number  of  ur.'emic  patients, 
ami  have  suggested  acidosis  as  the  cause. 

f  The  normal  alveolar  COo  pressure  in  women  is  somewhat  lower  than  in  men. 


C  aRDI  a  V    \  S  I)     If  E  y  A  L    1>  Y  S  I'  X  (E  A 


55 


The  test  for  acidosis  {non-vclatile). 

Excluding  the  change  in  reaction  due  to  alteration  in  the  carbonic  acid, 
is  there  evidence  of  the  accumulation  of  other  acids  in  the  blood  in  the  cases 
to  which  reference  has  been  made  ?  Take,  for  instance,  the  blood  of  CASE  5; 
is  there  evidence  of  its  being  more  acid  than  that  of  CASES  IH  and  17  '. 
This  question  we  set  ourselves  to  answer.  Here  again,  we  used  the  affinity 
for  oxygen  as  an  "  indicator." 

The  following  curves  (Fig.  4)  are  those  of  the  blood  of  one  of  us  (J.  B.) 
mixed  with  various  quantities  of  lactic  acid  added.*    There  is  no  c^uestion 


O-      ^^£Sii/«S. 


Fig.  4 


of  CO^  in  this  series  ;  it  was  shaken  out  of  the  blood  before  the  experiment 
was  commenced.  And  the  gas  in  the  tonometer  was  free  from  it,  or  at  least 
contained  less  than  1  mm.. 

Over  a  portion  of  the  figure,  the  diilerence  ia  the  percentage  saturation 
caused  by  the  addition  of  successive  increments  of  lactic  acid  is  very  great. 
As  a  standard,  an  oxygen  pressure  of  17  mm.  has  been  used,  the  same  as 
that  used  by  Mathison,  in   whose  hands  the  test  was  first  operated. 

It  will  be  clear  from  the  figures  that  this  property  might  be  used  for  the 
estimation  of  lactic  acid  in  blood  for  since  at  17  mm.  oxygen  pressure  : 

Jsomial  blood  is  To^o  saturated. 

„           +  -02%  lactic  acid  is  eCo 

-f  •04°o  lactic  acid  is  49^0 

-^  OSOo  lactic  acid  is  34"o 

A  curve  maj-  be  drawn  relating  the  quantity  of  lactic  acid  added  to  the 
percentage  saturation  of  the  blood  at  17  mm.  oxygen  pressure.  Armed  with 
this  curve,  it  is  only  necessary  to  expose  a  sample  of  blood  containing  lactic 
acid  to  17  mm.  oxj-gen  pressure  and  determine  the  percentage  saturation 
with  oxygen,  in  order  to  find  out  the  quantity  of  lactic  acid  added. 

*  That  with  2%  lactic  acid  is  only  au  approximation. 
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And  since  what  is  true  of  lactic  is  true  of  other  acids,  we  can  express 
any  change  in  reaction  of  the  blood  in  terms  of  the  quantity  of  lactic  acid 
which  would  have  to  be  added  to  normal  blood  in  order  to  give  the  percentage 
saturation  observed  when  the  blood  is  exposed  to  17  mm.  oxygen  pressure. 

The  experimental  manipulations  are  precisely  of  the  same  type  as  those 
already  described  for  the  test  for  meionexy,  except  that  the  CO^  is  omitted. 
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Fig.   5.     A  diagram  of  the  relative  degree  of  acidosis  (non  volatile),  expressed  as  lactic  acid,  and 
calculated  from  the  percentage  saturation  of   liajmoglobiii  exposed  to  17  mm.  0„  pressure, 
in  the  dyspnoeic  cases. 

It  has  been  stated  above,  that  normal  blood  is  75%  saturated  with 
oxygen  when  in  equiUbrium  with  an  atmosphere  of  17  mm.  oxygen  pressure 
at  37°  C.  This  statement  requires  some  modification,  for  here  again  there 
are  slight  differences  in  different  persons.  Mathison,  testing  five  cases, 
got  variations  of  from  66-79%.  Boothby  and  Barcroft,  working  under 
more  advantageous  conditions,  especially  as  regards  the  absence  of  CO,, 
obtained  a  figure  between  69  and  79%. 

In  the  present  series  of  experiments,  we  have  performed  the  test  upon 
the  control  patients,  to  whom  allusion  has  already  been  made,  as  \\ell  as 
on  some  others,  with  the  following  results. 

Percentage  saturation  of  blood  with  oxygen  at  17  mm.  pressure  and 
at  37°  C. 


lu. 

17. 
IS. 


1. 

!l. 

12. 


Control  cases  (no  dyspticeu). 

Case.  Percentage  saturation  of  oxygen  at  17  mm.  0._.  pressure  in 

absence  of  CO.,. 

H.  H 69.  7o"o 

R.  G 80% 

W.  S.  .  .         75°^ 

Special  control  cases  {no  dijspnma  but  little  reserve). 

Cask.  Percentage  saturation  <if  oxjgen  at  17  mm.  Oj  pressure  in 

absence  of  CO... 
J.   P.   (:2iul  obs.)  .59-5% 

M.  P.  (2nd  obs.)  74% 

R.  J.  ..  60% 
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With  the  exception  of  cases  wliieh  had  been  dyspnceic  (and  which  still 
hickcd  full  reserve),  the  controls  range  themselves  roughly  between  70  and 
80%  saturation. 

With  these  should  be  compared  the  two  classes  of  dysjmceic  case  to 

\\hi''ii    \\i'    have    alluded. 


■•  ,s' 

vccial  cases  "  of  di/spiuea,  in  tc/ilch  f/itre  is  a  low  aJ 

I'tohtr  CO.,  lension. 

Percent.ige  saturation  at 

Equivalent  of  lactic  acid 

Case. 

Alv.  CO^  (lucaiit. 

17  mm.  O-  in 

absence  of  CO... 

necessarj'  to  produce  change 
in  reaction. 

1 

J     P 

20 

14"o 

•15"o 

2, 

H.  L. 

31 

44% 

•05% 

4. 

D 

29 

43% 

•05% 

27,  30 

55% 

■03% 

3. 

G.  S. 

13 

14% 

•15% 

a. 

F.  C. 

28 

B9% 

■007% 

U. 

A.  S. 

27 

eo% 

■02% 

7. 

F.  S. 

33 

48% 

•04% 

36 

uo% 

•015% 

8. 

J.   S. 

50,  52% 

•035% 

!). 

M.  P  (Istobs.) 

34 

ei% 

•02% 

10. 

H.  P. 

27 

62,  63% 

•017% 

11. 

C.  S. 

46"o 

•0450,', 

Simple  cardiac  dyspoena,  in  which  there  is  a  high  alveolar  CO.^ 


13. 
14. 


T.  C. 
E.  11. 


47 
41 


84,  86% 
71% 


iiil. 
iiil. 


The  ■■  special  cases  "  differ  from  those  of  simple  cardiac  dyspnoea, 
not  only  in  the  lower  carbonic  jjressure  in  the  alveolar  air,  but  by  the  greater 
prevalence  of  acid  in  the  blood.  No  doubt  the  low  CO^  pressure  is  due  to  the 
high  value  of  other  acids,*  as  also  is  the  meionexy  in  the  special  class  of 
cases. 

We  have  endeavoured  to  get  behind  the  mere  fact  of  this  acidosis,  and 
have  made  some  observations  on  the  nature  of  the  acid  jireseut.  These, 
for  the  most  part,  have  given  negative  results. 

Respirutory  quotient. 

The  respiratory  quotients,  as  judged  from  the  samples  of  alveolar  air 
which  were  analysed,  at  first  led  us  to  look  for  some  considerable  metabohc 
disturbance.  These  quotients  almost  without  exception  were  very  low. 
Great  caution  must  be  exercised  in  interpreting  any  abnormahties  in  the 
respiratory  Cjuotient  when  based  on  an  estimation  of  the  alveolar  air  of 
untrained  persons.  We  have  already  pointed  out  the  uncertainty  which 
exists  with  regard  to  the  carbonic  pressure,  but  the  oxygen  pressure  in  the 
alveolar  air  is  even  more  uncertain,  for  a  slight  holding  of  the  breath  causes 
a  fall  in  the  oxygen  pressure  which  is  out  of  proportion  to  the  rise  in  the 
carbonic  acid  pressure. 


'  The  high  value  of  other  acids  produeiiig  hjperpin£a  and  a  washing  out  of  CO..  from  the  lungs. 
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The  following  are  the  observations  which  we  have  made  : — 

Special  cases  of  (hispnma. 


Case 

Resp.  Quotient. 

Date 

I. 

J.  p. 

•80,    GO 

*> 

H.  L. 

•03,   -58 

5.5.13 

•56 

23.5.13 

3. 

G.  S. 

•54 

4. 

D 

•(ill,   -77 

5. 

F.  C. 

•05,   •Ul,   -iKi 

31,1.13 

•U2,   -50,    SU 

5.2.13 

•!i(i,   •(i7,   -(U 

14.2.13 

(i. 

A.  S. 

•8'.l.    •Sli 

1. 

F.  J.  S.      . . 

10.    -Sli 

14.5.13 

100,    l^OO,    -SS 

21.5.13 

St. 

M.  V. 

•82,     74 

23.5.13 

10. 

H.  P. 

•02 

Simple  cardiac  dyspnau. 

13. 

J.  C. 

•94 

14. 

M.   C. 

•77.   •0(>.   •i>7 

\\'hil«t  these  respiratory  quotients  are  very  low,  the  same  is  the  case 
with  some  of  those  patients  who  had  no  dyspnoea,  namely  : — • 

Special  controls. 


I. 

J. 

P.  ( 

2nd 

ubserv 

at  ion) 

•81, 

1-U2 

'.1. 

M. 

P. 

(2ud  obser\ 

■ation) 

•76 

12. 

K. 

J. 

•66, 

106 

Co 

ntrols. 

16 

H. 

H 

■73, 

•78, 

•S3 

17. 

R. 

G. 

•67, 

•67 

18. 

\V 

S. 

•83, 

•87, 

•80 

It  seems  difficult  therefore  to  attach  any  iiaportaucc  to  our  respiratory 
quotients  as  indicating  any  metabolic  disturbances. 

We  have,  however,  sought  for  other  symptoms  of  disordered  metabolism 
on  the  chemical  side.  The  appearance  of  acid  in  the  blood  promi)ted  us  to 
undertake  observations  of  the  lactic  acid  present,  or  rather  the  a  oxyacid 
radicle.     These  observations  are  subsequently  detailed. 

Dealing  with  the  cases  as  a  whole,  it  may  be  scr\iceable  to  show  in 
tabular  form  the  relation  of  the  degrees  of  dj'spncea  to  the  value  of  K,  and 
to  the  degree  of  acidosis,  as  estimated  by  the  percentage  saturation  when 
exposed  simply  to  17  mm.  oxygen  pressure.  In  the  accomjianying  table, 
the  cases  are  arranged  in  six  groups,  according  to  the  degree  of  distress  as  it 
was  observed  clinically.  The  smallest  values  of  K  and  the  lowest  jDercentage 
saturations  at  17  mm.  0.,  are  found  in  the  group  of  urgently  distressed  cases, 
all  of  whom  belonged  to  our  "  special  group."  The  largest  values  of  K  and 
the  highest  percentage  saturation  are  found  at  the  end  of  the  table.  There 
is  an  evident  and  fair  correspondence  between  the  clinical  and  special 
observations  ;  here  and  there  some  discordance  is  noticeable,  but  no  more 
than  is  to  be  anticipated  in  comjiarisons  of  this  kind,  for  it  is  by  no  means 
an  easy  matter  to  compare  the  degree  of  distress  in  patients  who  piesent  from 
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many  points  of  view  dissimilar  clinical  pictures,  especially  when  such  pictures 
are  carried  largely  as  mental  impressions  over  considerable  periods  of  time. 
Our  best  comparisons  of  the  relation  of  the  chnical  and  special  observa- 
tions are  to  be  found  in  those  cases  where  the  examinations  were  made 
from  time  to  time  in  the  same  individual.  When  (as  in  CASES  2.  5  and  7), 
the  degree  of  distress  as  witnessed  at  the  bedside  varied  inappreciably,  the 
value  of  K  and  the  percentage  saturation  at  17  mm.  0,,  pressure  varied  little 
or  remained  almost  constant  :  where,  on  the  other  hand,  the  patients' 
condition  either  sensibh-  improved  (as  in  CASE  1,  I'nd  observation,  and  in 
CASE  9.  2nd  observation)  or  became  e^ndently  more  serious  (CASE  1, 
;]rd  observation),  then  corresponding  alterations  in  the  values  to  which 
reference  has  been  made  were  constantly  seen.  Thus,  J.  P.  {CASE  1)  when 
first  examined,  was  orthopnoeic  and  exhibited  Cheyne-Stokes  breathing  ; 
the  rate  of  breathing  during  the  hyperpnoeic  stage  was  27  per  minute  ;  he 
was  unable  to  suspend  his  breathing  ;  he  had  a  good  deal  of  distress  and 
suffered  from  attacks  of  nocturnal  breathlessness.  At  this  time,  too,  sUght 
dropsy  was  present.  The  value  of  K  was  -00018  in  two  observations 
Within  a  few  days  his  condition  showed  considerable  improvement.  He 
was  no  longer  orthopnoeic  ;  Cheyne-Stokes  breathing  was  seen  only  from 
time  to  time  :  the  respiratory  rate  had  fallen  to  20  per  minute  :  the  breathing 
could  be  suspended  for  a  few  seconds  ;  distress  was  absent  ;  and  the  nocturnal 
attacks  and  dropsy  had  disappeared.  Concurrently,  K  rose  to  00023.  A 
month  later,  w  hen  admitted  in  a  dying  condition,  having  a  return  of  orthopnoea 
periodic  breathing  and  nocturnal  attacks,  being  m-gently  distressed 
and  having  considerable  dropsy  and  hver  engorgement,  K  had  fallen  to 
•00008 — 00011. 

Order  of  distressed  breath  iixj. 


l)VSFNll.A. 

Case. 

Resp.  bate. 

.V(.ii>osis. 

K. 

1.  L'rt:eiit 

O. 

G.  «. 

40 

U"u 

•00012 

distress 

1. 

J.  1'.  (Oljs.  3) 

41 

•00008-00011 

-> 

H.  L. 

37-4j 

«% 

•00012-00010 

11. 

C.  S 

38 

i6% 

11). 

H.  P. 

37 

62-63''o 

•00010 

5. 

F.  C. 

33 

(59<"o 

■00014-00010 

8. 

J.  S. 

50-52"o 

2.  Moderate 

7. 

F.  S. 

39-42  (deep) 

4S-tilJ''o 

•0002M 

i. 

D 

24-32  (deep) 

oo% 

•0OO22 

1. 

J.  V.  (Obs.  1) 

27  (deep) 

•00018 

14. 

E.  M.  (cardiac  1 

30-32  (noreser\e) 

71% 

•00020 

3.  Slight  to 

t). 

A.  S. 

32-35  (shallow. 

0U"o 

■00021 

modtrate 

no  reserve) 

y. 

M.  P.  (Obs.  1) 

33  (moderate,  deep, 
no  reser\e) 

01% 

•00020 

15. 

W.  C  (cardiac) 

24  (moderate,  deep, 
no  reseri-e) 

"% 

•00034 

i.  Xoue  restiuj; 

1. 

J.  P  .(Obs.  2) 

20  (.some  reserve) 

•00U23 

13. 

T.  C.  (cardiac) 

12-15  (no  reserve) 

S4-90"o 

•00020 

3.  None  witli 

12. 

R.  J. 

11I-2  (mod.  reserve) 

oo°„ 

■i»Hy.i:i 

walkinj; 

ii. 

M.  P.  (Obs.  2) 

17  (some  reser\-e) 

'V'o 

•00027 

ti.  Xoue  with 

Hi. 

H.  H. 

17-2  (full  reserve) 

•011027 

active  exercise 

17. 

R.   G. 

24  (full  reserve) 

SO"a 

•0002S 

IS. 

W.   S. 

IG  (full  reserve) 

740'., 

■00025 
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Similar  ciiaiigcs  occunod  in  the  case  of  M.  I'.  {CASE  !t).  \\'iifu  admitted 
to  ii(^s])ital,  (iitlioijiicea  \\as  present  ;  the  respiratory  rate  was  35-40,  tlierc 
was  httle  reserve,  some  distress,  and  nocturnal  attacks  were  jnesent.  She 
also  had  a  little  dropsy.  A'  at  this  time  was  estimated  at  -00020.  A  month 
later,  and  at  the  end  of  her  stay,  the  orthopnoea  and  nocturnal  attacks  had 
disajipcared  ;  the  resjjiratorj'  rate  was  24,  and  she  was  able  to  suspend  the 
breathing  for  a  considerable  time  ;  she  was  also  able  to  walk  slowly  without 
developing  breathlessness.  By  this  time  A'  had  risen  to  00027,  a  normal 
figiu'e.  Simultaneously,  the  percentage  saturation  (at  17  mm.  0.,  pressure, 
in  the  absence  of  CO^)  rose  from  61%  to  74°,^  ;  showing  a  decrease  in  the 
lelative  acidity  of  the  blood  (in  respect  of  non-volatile  acids).  It  is  note- 
worthy that  while  the  recovery  of  this  patient  was  not  complete,  the 
percentage  saturation  remained  relatively  low  (i.e.,  74%)  ;  it  was  also  low  in 
the  special  control  case  {CASE  12),  the  figure  being  60%.  Where  there  is  i^artial 
recovery  from  breathlessness,  but  where  an  absence  of  complete  reserve  is 
noticed,  signs  of  relative  acidosis  (non-volatile)  remain  to  a  sHght  extent. 

Estimation  of  Urea  Nitrogen,   &c.,  and  Chlorides  in  the  Blood. 

To  estimate  the  quantity  of  urea  nitrogen  in  the  blood,  we  have  employed 
two  methods.  The  first  method  is  that  recently  elaborated  by  FoHn^"  and 
his  co-workers.  The  second,  or  hypobromite,  method  is  that  of  Moog,'^  as 
modified  by  Ambard  and  now  used  by  Widal  and  otlier  workers  in  Paris. 
We  have  also  made  use  of  the  "  Constant  of  Ambard  "  in  a  few  cases. 
(A  full  account  of  the  methods  will  be  found  in  Weill's  recent  thesis^".) 
Ambard,  three  years  ago,  showed  that  there  is  a  mathematical  relationship 
between  the  quantity  of  urea  in  the  blood  and  urine  ;  that  w  hen  the  kidney 
debits  urea  at  a  fixed  concentration  (by  debit  is  meant  the  outi^ut  of  urea 
per  24  hours  as  calculated  from  the  output  over  a  short  period),  the  debit 
varies  in  direct  proportion  to  the  square  of  the  concentration  of  the  urea  in 
the  blood.  The  quotient  of  the  urea  of  the  blood  divided  by  the  square 
root  of  the  urinary  debit  should  be  a  constant  figure. 

The  constant  of  Ambard  is  of  special  value  in  border-line  cases  where 
the  c^uantity  of  urea  in  the  blood  is  just  within  normal  limits  or  slightly  over  ; 
a  tendency  to  retention  being  expressed  by  an  elevation  of  the  constant. 

One  of  our  objects  in  estimating  the  urea  of  the  blood  was  to  ascertain 
w  hether  the  tyjjc  of  case  which  manifested  the  special  form  of  dyspnoea  was 
one  in  which  urea  is  retained.  It  is  now  established,  thanks  to  Widal  and  his 
school,  that  in  a  large  jiercentage  of  cases  of  chronic  interstitial  nej)luitis 
there  is  a  retention  of  urea  ;  such  a  retention  being  accompanied  by  anorexia, 
torpor,  anaemia,  pruritis  and  retinitis  ;  other  signs,  such  as  increased  blood 
pressure  and  nocturnal  dyspnoea  may  be  present.  Init  arc  not  definitely 
associated  with  urea  retention. 

The  c^uantity  of  urea  nitrogen  in  the  l)lood  in  a  noinial  subject  varies 
between  014-020%,  and  the  constant  of  Ambard  lies  between  063  and  OS. 
In  only  three  cases  did  we  find  an  aijpreciable  retention  of  urea.  In  CASE  1, 
the  urea  nitrogen  in  the  blood  stood  at  -107%  ;    in  CASE  3,  in  which  red 
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granular  Uidnej's  were  subsequent!}'  t'ouiul.  it  stood  at  -04%  ;  both  these 
])atieiits  died  within  24  hours  of  the  examination.  In  CASE  2,  tlie  urea 
nitrogen  stood  at  036  at  the  second  examination  ;  the  patient  died  a  few  weeks 
later.  The  constant  of  Ambard  was  also  raised  in  a  borderland  case  (CASE  7). 
So  far  as  the  "■  special  group  "  of  cases  is  concerned,  the  presence  of  this 
functional  defect  of  the  kidney,  namely  retention  of  urea,  cannot  be  regarded 
as  a  feature.     In  our  series  it  seemed  to  occur  only  in  the  moribund. 

The  estimation  of  non-protein  nitrogen  (by  Folin"s  method)  was  made 
from  the  same  point  of  view.  Folinii  has  shown  that  in  normal  subjects, 
the  total  non-protein  nitrogen,  Uke  the  urea  nitrogen,  is  remarkably  fixed 
in  concentration,  when  the  l)lood  is  dra\\n  a  definite  time  after  a  definite 
meal.  In  the  investigation  of  hospital  patients  suffering  from  a  variety 
of  conditions,  no  such  constancy  was  observed,  the  concentration,  as  a  rule, 
being  considerably  higher.  Folin's  result  has  been  confirmed,  in  part, 
quite  recently  by  Farr  and  Austin*  in  a  jirehminary  report  to  the  Society 
of  Experimental  Biology  and  Medicine,  New  York. 

These  investigators  examined  cases  of  cardio-vascular  disease  associated 
witli  renal  congestion.  In  these  cases  there  vas  no  rise  in  the  total  non-protein 
nitrogen.  In  cases  of  chronic  nephritis  with  albuminurea,  cjdindrurea  and 
oedema,  from  040-018  grammes  of  non-protein  nitrogen  were  obtained  ])er 
100  cc.  of  blood,  while  Fohn,  in  his  normal  cases,  found  from  ■022-026 
grammes.  Our  results,  in  so  far  as  they  go,  support  the  observations  of 
Folin  and  of  Farr  and  Austin.  In  none  of  the  cases  examined,  with  the 
possible  exception  of  CASE  3,  «as  there  any  marked  departure  from  the 
normal.  Many  of  the  cases  present  figures  which  resemble  the  pathological 
cases  of  Folin  not  associated  with  definite  kidney  lesions.  Even  in  CASE  3, 
no  approach  was  made  to  the  higher  values  observed  by  Farr  and  Austin. 

The  Hetermination  of  urea  and  rest  nitrogen  in  the  blood  (by  Folin's 
method)  was  undertaken  also  for  the  purpose  of  ascertaining  whether  these 
substances  were  present  in  the  blood  in  sufficient  quantity  to  affect  the 
reaction.  Eppinger'  took  up  this  point  in  his  study  of  acid  intoxication. 
This  investigator  believed  that  in  the  presence  of  excess  of  acid  in  the  blood, 
the  part  taken  bj-  ammonia  and  urea  was  that  of  a  neutrahser,  while  the  larger 
complexes,  such  as  the  polypeptides,  was  relatively  unimportant.  He 
claimed  that  in  cases  where  the  acid  intoxication  had  been  established,  an 
excess  of  urea  in  the  blood  reduced  the  intensity  of  the  syndrome,  and  that 
the  introduction  of  an  excess  of  amino  acids  or  of  urea  tended  to  offset  the 
effects  of  acid  intoxication,  experimentally  produced. 

In  that  group  of  renal  cases  characterised  by  a  retention  of  chlorides, 
we  sometimes  note  a  dyspnoea  of  the  Cheyne-Stokes  type.  This  dyspnoea 
may  follow  upon  some  exertion  on  the  part  of  the  patient,  oftener  it  occurs 
at  night  time  or  in  the  early  hours  of  the  morning,  the  patient  being  suddenly 
awakened  by  a  feehng  of  suffocation,  and  sometimes  it  may  have  the 
appearance  of  a  typical  asthmatic  attack.  This  form  of  dyspnoea  was  present 
in  a  number  of  our  ca.ses,  so  we  thought  it  might  be  of  some  value  to  estimate 
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the  chloridi'.s  in  tlu'  blood.  'J'lu'  mcthocl  uinployi'd  was  tliat  used  in  Widal's 
laboratories  at  I'Hopital  Coehin,  and  is  a  eonibination  of  VVenige's  and 
C'liarpentier  X'oliiard's  method  (Jouni.  d.  Plu/siol.  e.  d.  Pathol,  gtn.,  .viv,  No.  4.) 
The  normal  quantity  of  sodium  ehlorides  in  the  blood  serum  is  -562  grammes 
per  cent.  In  our  analy.ses  only  a  small  quantity  of  blood  was  at  our  disposal, 
and  in  order  to  obtain  enough  serum,  the  blood  was  \vhipi)ed  and  then  centri- 
fugalised.  In  whijiping  the  blood  some  red  blood  corjniscles  were  broken  up. 
hence  our  results  are  a  little  higher  than  those  obtained  by  the  Parisian  workers. 
The  normal  limits  we  have  taken  as  varying  between  -570  and    oT")  per  cent. 

One  of  our  cases  showed  some  retention  with  -610  grammes  jier  cent.  ; 
she  had  078  grammes  of  urea,  a  not  at  all  uncommon  association.  Our  other 
eases  varied  between  -548  below  the  normal  and    085  slightly  above  normal. 

We  may  safely  conclude  from  the  results  obtained  that  the  special  tyjie 
of  dyspnoea  is  not  commonly  accompanied  by  a  retention  of  chlorides.        * 

Investigation  of  the  Nature  of  the  Acidosls. 

In  order  to  elucidate  the  nature  of  the  acidosis  which  is  present  in  the 
dyspnoeic  cases,  determinations  were  made  of  the  lactic  acid  in  the  blood 
and  urine,  and  of  nitrogen,  ammonia  and  excess  of  acid  in  the  urine. 

Lactic  acid  A\as  estimated  l)y  the  method  devised  l)y  Ryffel.i*  This 
consists  in  decom]iosing  the  lactic  acid  to  acctaldehyde  by  heating  with 
about  50  per  cent,  sulphuric  acid  in  a  current  of  steam  at  l.'iS"  C,  and 
estimating  the  resulting  aldehyde,  after  redistillation  from  alkaline  solution, 
by  comparison  of  the  colour  obtained  on  the  adflition  of  standard  SchifF's 
reagent  (rosaniline  hydrochloride  solution  bleached  with  sulphur  dioxide) 
with  the  colom'  of  standard  solutions  containing  dilute  formaldehyde  and 
Sehiff's  reagent.  As  the  reagent  varies  somewhat,  the  method  was 
standardised  periodically  by  performing  estimations  on  known  solutions  of 
calcium  lactate.  From  blood  the  ju'oteins  were  removed  l)y  mixing  with 
200  cc.  of  0-5  per  cent,  acid  jiotassium  phosphate  solution  and  coagulating 
by  heat.  The  coagulum  was  thoroughly  washed  by  boiling  with  water  and 
the  combined  filtrate  rendered  alkaline  w  ith  sodium  carlionate  and  evajiorated 
to  small  bulk  on  the  water  bath  before  being  used  for  tlu-  distillation.  The 
urines  were  treated  with  basic  lead  acetate  and  ammonia  to  render  glycuronic 
acid,  proteins,  &c..  filtered  and  evaporated,  then  emjiloyed  directly  for  the 
distillation.  This  method  has  two  great  advantages  ;  ]ireliminary  extraction 
with  ether  and  consequent  loss  are  avoided,  and  the  ammuit  of  material 
required  is  small,  results  which  have  an  error  of  less  than  one-tenth  being 
obtainable  with  0002.5  grm.  lactic  acid,  so  that  no  more  than  1.")  cc.  of  blood 
were  necessary.  Schiflf's  reagent  is  distinctive  for  aldehydes  so  that  only 
those  substances  are  included  in  the  estimation  which  yield  aldehydes  under 
the  conditions  of  the  distillation.  These  are  a  hydrox\'  fatty  acids,  of  w  Inch 
lactic  acid  is  the  only  one  known  to  occur  in  the  body,  pentoses  and  glycuronic 
acid,  which  do  not  occur  appreciably  in  the  blood  and  as  far  as  the  urine  is 
concerned  are  removed  by  the  basic  lead  acetate  and  ammonia.  Oxy-butyric 
acid  being  a  fs  acid  does  not  react  in  this  Avay. 
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The  total  nitrogen  of  the  urine  was  estimated  In- Kjeldahrs  method,  the  acidity 
of  the  urine  by  FoUn's  method,  and  the  ammonia  by  tiie  formaldehyde  met IkkI. 
Lactic  acid  in  lite  blood  in  relation  to  acidosis. 
The  control  cases,  Nos.  1(5  to  ill,  in  which  there  was  no  acidosis,  dyspnoea 
or  cyanosis,  gave  results  varying  from  0010  to  0036  grm.  lactic  acid  per 
100  cc.  blood.  Previous  values  determined  on  the  blood  of  six  normal 
individuals  at  rest  had  ranged  from  0-012  to  0010  grm.  ]ier  100  cc,  but  these 
were  all  much  younger  indi\idtials.  so  that  it  would  appear  that  there  is  a 
tendenc}'  for  the  lactic  acid  of  the  l)lood  to  rise  as  age  advances.  Of  the 
cases  which  gave  evidence  of  acidosis  two  (r'.4.9£'5  1  and  3)  were  exceedingly 
ill  at  the  time  the  blood  was  taken  and  died  within  24  hours.  The  lactic 
acid  of  the  blood  was  distinctly  high.  00(11  and  00.")0  grm.  per  100  cc. 
respectively,  but  the  increase  above  the  normal  was  evidently  inadequate 
to  account  for  the  acidosis,  which  was  equivalent  to  Olo  grm.  lactic 
acid.     The  urea  of  the  blood  was  also  distinctly  above  normal. 

The  other  cases  of  acidosis  in  which  the  lactic  acid  was  determined  gave 
results  varying  from  0010  to  0030,  so  t  hat  there  was  no  evidence  of  an  increase 
of  lactic  acid  in  tlie  blood  corresponding  to  the  acidosis.  Moreover  in 
CASE  il  the  lactic  acid  of  the  blood  was  practically  the  same  when  she  had 
dyspnoea  and  acidosis  and  wlien  these  had  disappeared. 

Lactic  acid  in  wine. 
The  quantities  of  lactic  acid  in  the  urine  were  all  small,  but  the  urine 
of  CASES  1  and  3.  whose  blood  contained  excess  of  lactic  acid,  was  not 
examined.  The  results  obtained  from  the  control  cases  varied  from  OOlfi 
grm.  to  01 21  grm.  per  diem,  the  larger  quantities  corresponding  to  the 
higher  values  in  the  blood.  The  cases  with  acidosis  gave  from  002o  to 
0065  grm.  per  diem,  so  that  in  the  cases  examined  there  was  no  evidence 
of  an  abnormal  excretion  of  lactic  acid. 

Acids  in  urine. 

Rothera's^''  test  for  acetone  and  acetoacetic  acid  was  applied  to  all  the 
urines  and  found  negative  in  every  case.  The  test  is  very  sensitive  l)ut 
does  not  give  a  result  with  tlie  snuill  amount  of  acetone  bodies  present  in 
normal  urine.  As  oxybutyric  acid  has  never  been  found  in  appreciable 
C|uantities  in  the  absence  of  the  other  acetone  bodies,  we  may  conclude 
tiiat  the  acetone  bodies  were  not  present  in  excess  in  any  of  the  urines. 

The  control  cases  gave  ammf)nia  nitrogen  0-21  to  0-47  grm.  per  diem, 
acidity  132  to  285  cc.fV  jier  diem.  Folin's  maximum  values  on  a  standard  diet 
rather  poor  in  bases  were  :  ammonia  nitrogen  0-85  grm.  per  diem,  ratio  to 
total  nitrogen  5  per  cent.,  acidity  069  cc.  I'b  per  diem.  Excluding  CASE  5, 
the  cases  with  acidosis  gave  ammonia  nitrogen  018  to  0-60  grm.  per  diem, 
acidity  99  to  402  cc.  rV  per  diem.  CASE  12,  whose  dyspnoea  had  passed  off 
and  who  showed  only  ver\'  shght  acidosis  gave  ammonia  nitrogen  006  and 
total  acidity  667  cc.  /„  per  diem.  In  these  cases  there  is  clearly  no  connection 
between  the  acidosis  and  increased  excretion  of  total  acid  or  ammonia. 
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CASE  5,  however,  gave  ammonia  nitrogen  l-.'55  grm.  per  diem,  ratio  to 
total  nitrogen  !)-3  per  cent.,  total  acidity  4(i4  cc.  i'*,,  per  diem,  a  (juantit}'  of 
ammonia  distinctly  in  excess  of  the  normal.  Folin's  organic  acidity  was 
accordingly  determined  on  this  urine,  Imt  the  result,  170  cc.  yx,  per  diem, 
did  not  show  the  presence  of  an  abnormal  amount  of  organic  acid. 

Discussion  of  results. 

Acidosis,  due  to  the  i^resence  of  an  al>nf)rinal  excess  of  acids  other  than 
carbonic  acid  over  the  bases  of  the  blood,  may  be  due  either  to  excessive 
formation  of  acid  products  of  incomplete  oxidation,  such  as  lactic  acid  and 
acetoacetic  acid,  or  to  an  alteration  in  the  behaviour  of  the  kidneys  in 
excreting  the  acids  and  bases  that  result  from  normal  metabolism,  whereby 
the  balance  of  these  bodies  is  kept  at  an  abnormally  acid  level. 

The  acidosis  of  hard  exercise'  with  the  resulting  dyspnoea  w  hich  continues 
after  the  exercise  ceases,  so  that  the  alveolar  carbon  dioxide  falls  below 
normal,^  is  due  to  accumulation  in  the  blood  of  lactic  acid  formed  in  the 
muscles.^"  The  acidosis  of  diabetic  coma^  is  similarly  due  to  the  production 
of  large  cpiantities  of  organic  acids,  principally  acetoacetic,  oxybutyric  and 
lactic  acids.  In  both  these  instances  the  kidneys  are  reacting  normally  in 
excreting  acid,  but  fail  to  keep  pace  with  the  unusual  production  of  acid. 

During  residence  at  an  altitude  of  10,000  feet  or  more  the  alveolar  carbon 
dioxide  falls  progressively  until  accommodation  is  well  established.^  An 
excess  of  non-volatile  acid  is  retained  in  the  blood  to  compensate  for  this 
loss  of  carbonic  acid  with  the  result  that  the  dissociation  curve  of  the  blood  is 
displaced  slightly  in  the  acid  direction. ^  The  slight  increase  of  lactic  acid  which 
is  observed  in  the  blood  is  not  adec[uate  to  account  for  more  than  a  small  part  of 
this  retention  of  acid  and  no  increase  of  lactic  acid  is  excreted  in  the  urine,  so 
that  this  change  appears  to  be  an  instance  of  the  second  cause  of  acidosis, 
namely,  altered  excretion  of  acids  and  bases  by  the  kidneys,  which  is  beneficial 
at  high  altitudes,  as  the  pressure  of  oxygen  in  the  lungs  is  therebj'  increased. - 

The  results  described  above  show  that  the  acidosis  observed  in  our  cases 
is  not  due  to  an  increase  in  the  lactic  acid  of  the  blood,  except  to  a  partial 
extent  w  hen  the  patient  is  in  extremis.  Further  no  evidence  of  the  formation 
of  an  abnormal  amount  of  any  organic  acid  is  to  be  obtained  from 
examination  of  the  urine,  so  that  this  acidosis  appears  to  be  another  instance 
of  the  same  phenomenon  of  retention  of  acids  in  excess  of  bases  which  is 
shown  during  residence  at  high  altitudes.  The  retention  of  acid  might  in  this 
case  be  due  either  to  failure  of  the  kidneys  in  respect  of  excretion  of  acid, 
or  to  a  change  of  behaviour  more  strictly  comparable  to  that  at  high  altitudes. 
If  the  former  were  the  case,  the  condition  would  admit  of  simple  treatment 
by  giving  a  diet  rich  in  bases  so  as  to  prevent  the  formation  of  excess  of  acid 
in  metabolism.  The  matter  is  lieing  further  investigated,  but  the  results 
of  the  urea  determination  do  not  indicate  failure  of  secretory  power  except 
in  the  extreme  cases. 

In  the  following  table  the  results  of  the  determinations  of  excess  of  acid, 
lactic  acid,  urea  and  total  non-protein  nitrogen  in  the  blood  are  compared. 
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K.xct'ssnf  acidex- 

.\ctiial  total 

— n^-xT — 

Lrea  X.  "- 

Xou-i-'ruteiuN. 

Ca?e. 

pre^-eil  £L*  lactic 

lactic  aci.l 

(HyiK>broniitei 

(Kolin) 

(Folin) 

acid  pel- cent. 

\^f  cent. 

I»er  cent. 

l*r  cent. 

per  cent. 

AciJosis  ifc  Clieyiie-Siokes 

Respiration. 

1. 

01.-. 

(lUill 

U  11 

2. 

OO.J 

0030 

0015 

3. 

01.-. 

0056 

0040 

0-043 

0046 

4. 

005 

0025 

0015 

0-017 

0021 

5. 

001 

0016 

0-017 

6. 

002 

0027 

0-022 

0-022 

0-036 

7. 

004 

0021 
0017 

0-023 
0-023 

0-015 

0-024 

Acidosis.    Xo  ('hex ii-'-Stokt^s. 

9. 

0-02 

0-024 

0-OlS 

0-00 

0-025 

0-020 

0-032 

0-025 

10. 

002 

0026 

0-017 

0-017 

0-020 

12. 

0-02 

0-023 

0-023 

0035 

Cardiac  Dvai-n  ta. 

13. 

000 

0-019 

0-OlS 

0022 

0-026 

14. 

0-00 

0-027 

0018 

0-017 

0-032 

15. 

000 

0-033 

0019 

0-021 

0-033 

Simple  Control-. 

16. 

000 

0-020 

0-023 

0-023 

0-034 

17. 

000 

0-036 

0-017 

0-021 

18. 

000 

0030 

0-027 

0035 

19. 

n-no 

0-016 

COXCLU.SIONS. 

1.  Many  patients  who  are  the  subjects  of  cardiac  disease  exhibit 
considerable  breathlessness  but  they  show  no  cyanosis  or  they  lack  an 
equivalent  cyanosis.  In  these  patients  the  dyspnoea  is  evidently  not  the 
result  or  not  entirely  the  result  of  deficient  aeration  of  the  arterial  blood, 
nor  is  the  dyspnoea  due  to  an  accumulation  of  COo  caused  by  stasis.  It  is 
due,  as  the  present  observations  show,  to  a  condition  of  acid  intoxication. 
The  nature  of  this  acidosis  is  similar  to  that  found  in  normal  people  at  high 
altitudes  ;  it  is  not  the  result  of  excess  of  CO.,  in  the  blood,  neither  is  it  due 
to  excess  of  «  oxy-acid  radicles  (except  in  some  measure  in  moribund 
patients)  or  p  oxj'-butyric  acid,  as  in  diabetes. 

2.  This  form  of  acidosis,  when  exhibited  by  patients,  occurs  usually  in 
elderly  subjects  who  have  lesions  in  the  heart,  arteries  and  kidneys  in  varjnng 
degrees.  It  is  often  accompanied  by  periodic  breathing  of  the  Cheyne-Stokes 
type  and  by  attacks  of  intense  dyspnoea,  meriting  in  some  cases  the  term 
"  ursemic,"  in  other  cases  the  term  "  cardiac  asthma."  It  is  usually 
accompanied  also  by  wasting,  a  rapid  heart  action  (80-100)  or  a  perverted 
heart  mechanism,  b}'  signs  of  cardiac  failure,  by  signs  of  renal  derangement 
and  a  subnormal  temperature.  High  blood  pressure  is  common,  retention 
of  urea  or  chlorides  maj^  be  present  but  is  found  infrequently. 

3.  It  is  probable,  though  it  cannot  be  held  as  finally  i^roven,  that  there  is  no 
essential  difference  between  "cardiac"  and  "renal"  asthma,  so  called ;  and  that 
the  dyspnoea  of  the  cardiac  cases  is  in  reahty  due  ultimately  to  renal  defects. 

4.  Considering  all  forms  of  dyspnoea,  it  seems  probable  that,  where  the 
breathlessness  is  great  and  where  neither  anaemia  nor  cj^anosis  is  conspicuous, 
such  dj-spnoea  arises  in  the  majority  of  cases  from  acid  intoxication. 

5.  The  cau.se  of  the  d3-spncea  which  we  describe  is  in  sharp  contrast  to 
that  in  the  pure  cardiac  cases  where  excessive  accumulation  of  CO.,  in  the 
blood  sufficiently  accounts  for  its  acid  reaction  and  the  respiratory  stimulus. 


CLINICAL  ANU 


Date. 


AOE. 


Etiology. 


Duration 


He-VRT. 


AltTEUIES. 


Urine  and 
Kidneys. 


Acidosis  and 
3.-s.  breathtno. 
1.     J.  p.,    ,5 


1. 3.13 


CO 


■'  Slialit 

pupumonia" 
18  111.  bi'fnro 


18 
moiithR. 


Enlarged  (610  gms.). 
Chambers     dilated. 
Valves  normal. 
.Auricular  fibrillation. 
Hundle  branch  lesion. 
Rate  80. 
Coronary  disease. 


General 
atheroma. 
B.P.  130-1  GO 


l.l(IO-2,500c.c. 
Acid.    No  alb. 
or  casts. 
Wht.  390  gr.. 
Slight  fibrosis. 


(7.4.13)* 
Dark,  scanty. 


2.     H.  L.,    ? 


5.5.13 


nil 


Enlarged  (405  grms.). 
Ciiambers   dilated. 
Mitral  regurgitation. 
Extrasystoles  ; 
alternation.     Rate  96. 
Coronary   disease  ; 
angina ;  muscle  fatty. 


General 
at  heroma. 
B.P.  150. 


300-500     c.c. 
Afid;      7»/„, 
alli. ,     gran, 
casts.  Urobilin 
in  excess.    No 
retinitis. 
Wht.  326  gr.. 
Scattered 
fibrosis. 


3.     G.  C.  S.,    i 


28.4.13 
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nil 


2  years. 


Enlarged  (050  grms.). 
Dilated   chambers. 
Mitral  regurgitation. 
Auricular  fibrillation. 
Rate  110-120. 


General 
atheroma. 
B.P.   160. 


Acid,    1,020, 
alb.  and  gran. 

casts. 

Wht.  270  gr.  ; 
red  granular 
(advanced). 


4.      D.,    S 


10.5.13 


57 


nil 


1  year. 


A    little    enlarged. 
No    murmurs. 
Heart-block,     extra- 
sj'stoles,  alternation. 


Apparently 
healthv. 
B.P.  200-210. 


650-2,000  c.c., 
acid  ;  alb.  and 

gran,  casts. 
No  retinitis. 


5.     F.  C,    i 


19.1.13 


53 


nil 


2  years. 


Enlarged  (425  grms. ) 
Chambers  dilated. 
Valves  normal. 
Rate   100. 
Coronaries  very 
calcareous. 


Some 
atheroma. 
B.P.  ISO. 


450- 1,500  C.C.; 
acid,  1,032-14; 
alb.  ;  no  casts. 
SI.    excess 
of  urobilin. 
Wht.  400  gr., 
fibrosis     and 
Ijniphocytosis 


A.  S.,    c5 


19.5.13 


Rh.  Fever 


Enlarged.  Aortic 

disease.   Paroxysmal 
tachycardia;    heart - 
block.     Angina. 
Rate  00-80  and 
120-160. 


Tortuous  and 
thickened, 
B.P.  150-200. 


1,100-2,500 
c.c;       1,015; 
acid  ;  alb.  and 
gran,    casts. 
Excess   of 
urobilin. 


This  dat^"  applies  to 
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BREA.THDIG. 


Colour. 


Hbo. 

AXD    RED 
CELLS. 


Rehakks. 


Orthopnfea;  C.-S.  breathing; 


rate 


no 


gaspinf 

reserve  ;  nocturnal  attacks. 

(7.3.13).* 


Very  slight  cyanosis 
of  lips. 


102  *'' 
4,800,000 


Veins  full ;  liver  enlarged  ; 
signs  of  small  effusions 
into  pleurae  ;  slight  dropsy 


Xo  orthopnoea;  C.-S.  breath 
ing  only  occasional ;    easy 
while    resting ;      rate     20  ; 
some  reserve.     No  nocturnal 
attacks.     (12.3.13).* 


Little 


or  no  cyanosis. 


Veins  full ;  liver  slightly 
enlarged  ;  lungs  clear  ; 
no  dropsy. 


Orthopnoea ;  C.-S.  breathing 
ga.sping ;  v.  restive ;  no 
reserve ;      distress    urgent. 


Jloderate    cyanosis    of 
lips  and  ears. 


Bronehitic  signs  ;  pleural 
effusions  ;  liver  enlarged  ; 
considerable  dropsy. 


Orthopnoea  ;  C.-S.  breathing. 
Rate    36 ;     v.     restive ;  no 
reserve ;      v.     distressed ; 
nocturnal  attacks. 
(5.5.13). 


Slight  cyanosis 


82" 
3,300,000 


Veins    fuU ;      Uver    much 
enlarged ;   ascites,  dropsy. 


Same. 
(23.5.13). 


Slight  cvanosis. 


90% 


Same. 


Orthopnoea ;  C.-S.  breathing 
ga.sping ;      restive ;      v. 
distressed ;      rate    46.     Xo 
reserve.  Nocturnal  attacks. 


Slight  cj-anosis  of  lips  ; 
deeper  of  ears,  tongue 
and  fingers. 


(p.m.) 


Veins  full ;  liver  much 
enlarged  ;  general  bron- 
chitis ;  pleural  effusions  ; 
ascites,     dropsy. 


No       orthopncea ;       C.-S. 
breathing  ;  gasping  ;  restive 
and  distressed  ;   rate  35-40. 
Xuetumal  attacks. 


X'o  cyanosis. 


90% 
4,790,000 


Drowsy.  Veins     full  ; 

liver     not     enlarged ;       a 
little     bronchitis ;         no 
dropsy. 


Orthopnoea;  C.-S.  breathing 
gasping ;  restive  and  v. 
distressed ;  rate  35.  Xo 
reserve.  Nocturnal  attacks. 
(29.1.13). 


Very  slight  cyanosis. 


60% 
3,980,000 


Drowsy.  Liver  a  little 
enlarged ;  rhonchi  and 
creps.  at  bases ;  slight 
oedema  of  ankles. 


JIuch   the   same ;     evening 
attacks  verj-  severe. 
(5.2.13). 


Verj-  slight  cj'anosis. 


80% 
3,780,000 


Same.        Pleural    effusion 
on  right  side. 


Same. 
(14.2.13). 


Very  slight  cj'anosis. 


Same. 


SI.     orthopnoea ;      C.-S. 
breathing ;    not  much  dis- 
tress ;    rate  33.     Nocturnal 
attacks. 


Slight  cjanosis  of  lips  ; 
none  of  cheeks  and  ears. 


95% 
6,140,000 


Veins  fuU  ;  liver  enlarged  ; 
signs  of  small  pleural 
effusions  ;    dropsy  of  feet. 


all  succeeding  entries. 


[continued  OVEELE.lt". 
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ALVEOLAR    AIR     AND    BLOOD-GAS     AXALYSES. 


Alv.co,  in 
mm. 

AIv.  (^nolient 
( corrected ). 

Tt-t  f^•v  \ti-Ioii.-\y. 

at.  at 
17  111  111.  O. 

0^  ill  mm. 

CO;  111  mm. 

Sat. 

K     ^ 

33S 

2n-5 

•45  ? 

•78 
•50 

37 
34 

31 

60O„ 
55% 

■00018 
•00018 

2.-. 
31 

•SO 
1  -00 

33-3 

22 

59-5% 

•00023 

26 
(approx) 

319 
37^7 

26^0 

31  ^5% 
50-2% 

■000082 
•00011 

14",, 

31 
31 

■63 
■58 

30 

20 

38^5% 

■00013 

44% 

28-6 

■56 

29^5 

27 

47^5°, 
48% 

•00019 

43% 

13 

•54 

31 

0 

41% 

■00013 

14% 

27 
30 

■60 

30-5 

30 

69% 

■00022 

55  "„ 
(14.5.13). 

28 
2!) 

■42 

■68 

16 
22-5 

30 

14% 
2<i% 

■00012 
■00015 

69% 

25 

27-4 

27-9 

■60 
•55 
■58 

27 

40 

27 

27% 
63  "o 

•00010 
•00016 

31 
27 
31 

•64 
•66 
■67 

29 
26 

uncorrected 
•89 
•S6 

43 

28 

72% 

•00021 

00% 
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BLOOD. 

URINE 

K  (FuUn), 

Ui-eaX 

hvpobrom.) 
% 

Chlorides 

Lactic 
Acid. 

Volume 
in  cc. 

Lactic 

Acid 

%  a-.id  gr. 

p.d. 

Total  X 

%  &  gr. 

|..d. 

NII3 
Xitro)2eii 
%and'gr. 

r..]. 

Ml  ■ 

ToUl  Acid 

Ciiii-pnttei'l 
Xitri»?en 

Ui-ea 

Nitrogen 

% 

Rest 
Nitrogen 

lota.  S 
%  ai''  gr. 

as 
X 

•107 

■091 

•Olo 
A'*=  •087 

•030 

385 

■0062 
■024 

143 

551 

•0693 
•267 

4^S 

279 

•036 

•610 

■0464 

•0434 

•003 

•040 

■0565 

■020S 

•0171 

•0037 

•015 

■025 

057 

•0044 
•029 

1-30 
S54 

•0SS6 
•582 

O^S 

239 

•017 

■016 

1000 

145 
145 

•135 
135 

93 

464 

•0304 

•021S 

•0146 

•022 

•0275 

1445 

•0042 
•060 

•665 
941 

•0123 
•178 

1-85 

99 

*  K  =  Ambard's   "  constant.' 
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CLINICAL  AN 


i 


D.\TE. 

Age. 

Etiology. 

Duration 

Heart. 

Arteries. 

Urdje  .kud 
Kidneys. 

1 

7.     F.  J.  S..    S 

14.5.13 

ti3 

nil 

il  niontlis 

Enlarged  (626  grms. ). 
Chambers  dilated. 
\'alves  normal. 
Rate  90-120. 
Coronaries  calcareous 
Muscle  V.  fatty. 

Tortuous  and 
thickened. 
B.P.  200-220. 

Quantity     re- 
duced ;     high 
colour  ;   alb. 
and  gran, 
casts. 

Wht.  270  gr., 
considerable 
fibrosis. 

S.     J.  S.,    i 

7.3.13 

U4 

nil 

■'  0  weeks 

Enlarged  (695  grms. ). 
Chambers   dilated. 
\*alves  normaL 
Rate  72-100. 
Coronaries  rigid. 

General 
atheroma. 
B.P.  190-200. 

Alb.    present. 
Rt.     kidney 
advanced 
arterio- 
sclerotic ;  left, 
considerable 
fibrosis. 

.VCIDOSIS  WITHOUT 

C.-S.    BREATHING. 

9.      M.  P.    p 

23.5.13 

Ul 

nil 

2  months 

Enlarged.       No 
murmurs. 
Rate  80-100. 
Extrasystoles. 
Gallop  rhj-thm. 

Thickened. 
B.P.,  170-200. 

Quantity     in- 
creased. Acid. 
Alb.    but    no 
casts.     SI. 
excess  of 
urobilin. 

10.     H.  p.,  S 

2S.4.I3 

50 

?  Tj-phoid 

V  20 

Enlarged. 

Thickened. 

350-1,100  c.c; 

Fever 

years. 

Valves  normal. 
Rate  84-125. 
Gallop  rhythm. 

B.P.  170-200. 

1,010-20;  alb. 
and  gran  casta 
No     retinitis. 
Uric  acid 
•098°o. 

U.     C.  S.,    {■ 

28.4. 13 

54 

Rh.  Fever 

4  years. 

Enlarged  (460  grms. ). 

Mitral     stenosis ; 

aortic   disease. 

Usually    auricular 

fibrillation. 

Reg.     paroxvsm     at 

180-200. 

General 
atheroma. 

Quantity 
reduced. 
High  colour. 
Wht.  255  gr., 
httle     fibrosis 
apart  from  old 
infarcts. 

Special  control 

12.     R.J.    i 

26.5.13 

50 

V 

■'  Influenza" 

2  days. 

Enlarged. 

Mitral  regurgitation. 

Rate  76-106. 

Tortuous  and 
thickened. 
B.P.  180-200 

900-2750,  CO., 
alb.  and  gran, 
casts.     No 
retuiitis. 

Cardiac 

UYSPNtEA. 

13.     T.  C,    6 

21.4.13 

4;i 

•  Influenza  " 

4  years. 

Enlarged. 
No  murmurs. 
Paroxysmal     tachy- 
cardia.  Alternation  j 
extrasystoles. 
Rate  9"0  and  also  100. 

Thickened. 
B.P.  150-130. 

500-3,600,  c.c. 

.A.cid  1,030-10; 

alb.  and  gran. 

casts. 

No  retinitis. 

POST  MORTEM. 
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Breathdjo. 


COLOUK. 


Hbo. 

AND    RED 
CELLS. 


Remarks. 


Orthopncea:  C.S.  breathint; 
restive  and  distressed  ;   rat  ^ 
40  ;  no  reserve.     Xocturnal 
attacks. 
(14.5.13). 


Sli<;ht  cyanosis  of  lijjs, 
ears  and  fingers. 


100% 


Veins  a  little  full :  liver 
enlarged  ;  pleural  effusion 
on  right  side  ;    dropsy. 


Same. 
(21.5.13). 


Same. 


100% 


Weaker. 


Orthopnea ;  C.-S.  breathing 
restive  and  v.  distressed  ; 
rate  rapid. 


Slight  cyanosis. 


DeUrious  and  somi-coma- 
tose  ;     veings    full  ;     liver 
and     spleen     enlarged ; 
Pleural  effusions  ;  dropsy. 


Orthopncea  ;    irreg.  breath- 
ing ;      rate     30-40  ;       little 
reserve  ;   not  much  distress. 
Xoctiu-nal  attacks. 
(23.5.13). 


Very  sliglit  cyanosis  of 
hps  and  tongue. 


90% 


Liver  slightly  enlarged ; 
a  few  creps.  at  lung  bases  ; 
dropsy. 


Xo   orthopncea ;     reg.    rate 
24  ;   a  good  deal  of  reserve. 
Can  walk  without  dyspnoea. 
No  nocturnal  attacks. 
(24.6.13). 


Same. 


81"o 


Xo  dropsy. 


Orthopncea  ;  rate  39  reg.  ; 
a  good  deal  of  distress  ;  no 
reserve.   Nocturnal  attacks. 


Slight  cyanosis  of  lips  ; 
deeper  in  cheeks  and 
ears. 


88% 
4,390,000 


Veins   full ; 
enlarged. 


liver  a  Uttle 


Orthopnoja  ;  laboured  rate 
37  ;  very  distressed  ;  no 
reserve. 


Moderate     to     deep 
cyanosis  of  bps,  cheeks 
and  ears. 


Veins  full ;    liver  greatly 
enlarged  ;  pleural 

effu.'iions ;      ojdema         of 
lungs  ;  ascites  and  dropsy. 


Xo  orthopncea  ;  breathing 
free  at  18  per  muiute ; 
a  good  deal  of  reserve ; 
has  had  dyspnoea  and  C.-S. 

breathmg. 


Xo  cyanosis. 


4,980,000 


Veuis  full ;  hvor  a  Uttle 
enlarged ;  a  Uttle  bron- 
chitis ;  no  dropsy. 


No  orthopncea  ;  free  while 
resting ;  irreg.  ;  rate  15. 
Little  or  no  reserve. 


Very  sUght  cyanosis  of 
Ups,  oars  and  fuigers. 


80% 
3,650,000 


Veins  full ;  Uver  enlarged  ; 
emphysema  ;  a  few  riiles  ; 
no  dropsy. 
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ALVEOLAI!    AIR     AM)    HLOODGAS    ANALYSES. 


Alv.CO,  in 
mm. 


Alv.  Quuticnt 
(corrt'oted). 


Tost  for  Meionexy. 


A-  = 


Sat.  :it 
17  nim.Uj 


33() 
33-6 
30o 


32 

•lOli 

33 


36 
33 


1(1 
■Mi 
•SI 


32 


>  43% 


1  (Mi 
1(111 

•S8 


3(i 


4(i",, 


■82 


31-2 


3(i 


51% 
52% 


<  -00020 


■00020 


50-52",', 


•00020 


40 
41 


26-8 


39-4 


51% 
49% 


■00027 


27 


■U2 


28 


29 


40% 


■00016 


27(i 
28 


40 

47 


■GO 

1-08 


30 


■95 


425 
435 


00  ",o 
01% 


■00033 


45 
40 


09  ^5% 


•00020 
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BLUUD. 

URIXE. 

XCFulIni 

Urea  X 
(lijliobrom; 

of 

Cliloiicles 

Lactic 
Acid 

Volume 
in  c.c. 

Laclic 

Acid 

%  anil  !ir. 

p..l. 

Total  N 

%  and  gr. 

p.d. 

NH3 
Nitrogen 
%  and  gr. 

p.il. 

NHa 
Total  N 

%  and  gr. 
p.d. 

Total  Acid 

Xon-protcii 

Nitrogen 

% 

Urea 

Nitrogen 

Best 

Nitrogen 

% 

as 
N 

•023(i 

■Ulo2 

•0  IS  I 

•023 
K     ■0U4 

■021 

402 

•0055 
•025 

I  36 
6-31 

•101 
•467 

74 

242 

•023 

•548 

•017 

605 

•0054 
•037 

M3 

084 

•060 
•417 

6^1 

235 

•018 

•558 

•024 

•0322 

■0247 

•007.5 

•020 

•574 

■U2.-, 

50U 

•0037 
•0185 

•054 
4^77 

•033 
•164 

3-4 

274 

■Olyii 

•01U« 

•002S 

■017 
A'      073 

•022  + 
and 
•026 

842 

•0061 
•0514 

1^4'J 
1255 

■0714 
•601 

48 

402 

•0352 

■0227 

■U12o 

■U23 

1135 

•0057 
•U65 

1^38 
15^7 

•058U 
•66 

4^2 

067 

•0200 

•0224 

•0030 

•018 

•Ul'J 

2U55 

•0031 
•064 

•690 
14-36 

•0411 
•844 

5-SS 

170 
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CLIXIC.XL  .WD 


D.iTE. 

.\ge. 

Etiology. 

Duration 

He.\rt. 

Akterie*. 

Urive 
.VXD  Kidneys. 

14.      E.  M.,    .P 

4.6.  l.f 

29 

Chorea 

1 1  years 

Muoli  enlarged. 
Mitral  stenosis. 
Auricular  fibriUation. 
Rate   100. 

Seem  normal. 
B.P.  90-100. 

Quantity 
reduced. 
Acid. 
1,026-38. 
Alb.,  no  casts. 
Urobilin    in 
great  excess. 

Jo      W.  C,    u' 

2.6.13 

44 

Rh.  Fever 

5  weeks 

Enlarged.     Mitral 
regurgitation. 
.Auricular  fibrillation. 
Rate   110. 

Thickened 
B.P.  160-190. 

500- 1,400  c.c. 
.\cid.      alb., 
no  casts. 
Urobilin    in 
excess. 

Controls. 
10.     H.  H.    i 

9.6.13 

4o 

Convalescent 
.•Admitted  for 
gastric 
symptoms. 

Xormal.     Rate  SS. 

A  Uttle 
tortuous. 
B.P.   134. 

Normal. 

17.     R.  G.,    „' 

11.6.13 

oG 

Convalescent 
Operation  for 
appendicitis. 

NormaL     Rate  78. 

Some 
thickening. 

NormaL 

18.    w.  s.,  <; 

20.6.13 

61 

Convalescent 
Operation  for 
fistula-in-ano 

Xormal.     Rate  62. 

Seem  normal 

Normal. 

19.     S.  U..     i 

IS.0.13 

54 

Convalescent 

Fractured 

patella 

Normal.     Rate  58. 

Seem  normal. 

NormaL 
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POST  MORTKM. 


Breathtng. 


Colour. 


Hbo. 

AXD    RED 

CELLS. 


Remarks. 


Orthopnoea ;      breathing 
Iivljourcd,    irreg.,    rate    33. 
Xo  reserve. 


Deep  cyanosis  of  lips, 
cheeks,  tongue,  ears  and 
fingers. 


92-5°o 
4,420,000 


Veins  full ;  Uver  greatly 
enlarged  ;  a  few  creps.  at 
lung   bases ;    dropsy. 


No   orthopnoea  ;     rate    24  : 
verj'     slightly     irregular. 
No  reserve. 


High  colour  ;  slight  or 
moderate  cyanosis  of 
lips,  cheeks,  ears  and 
fingers. 


88% 
5,010,000 


Veins   a   little   full ;     liver 
enlarged  ;     no  dropsy. 


Resp.  rate   17. 
Full  reserve. 


High  colour ;  slight 
cyanosis  of  lips,  cheek-s  , 
fingers  and  eaia. 


102% 


Resp.  rate  24. 
Full  reserve. 


Very  slight  cyanosis  of 
lips  ;  none  of  tongue, 
cheeks  or  ears. 


00% 


Resp.  rate   16. 
Full  reserve. 


A       mere       trace       of 
cyanosis  of  lips  ;    none 
of    cheeks,    ears    or 
fuigers. 


100% 


Resp.  rate  18. 
Full  reserve. 


Verj-  sUght  cyanosis  of 
Ups  only. 


05% 
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ALVKOLAIt    AIR   AND  BLOUD-OAS  AXALYSKS. 


Alv.CO.  in 
m.ni. 


Alv.  Quotient 
(correcteil). 


'JVs-t  fi-r  Meiimrxv. 


O    111  mm. 


Sat. 


Silt.  ;it 
17  mm.  o 


39 
43 
41 


■77 
•OG 

•U7 


31 


40 


4'J"„ 
55% 


•uou:il 


Tl",', 


(2.6.13) 
38 

(3.6.13) 
37 
24 


•73 


■78 
■86 


29  3 


38 


54% 
58^6% 


•00034 


"7% 


40 
38 
38 


■73 
■78 
■83 


34-4 


36^3 


ei-2% 

62-5% 


•00027 


69% 

75% 

not 

reliable. 


35-5 
368 


■67 
•67 


30^1 


352 


54% 
58% 


•00028 


80% 


41 
41 
39 


not 
reliable. 


•83 
■87 
•76 


35-8 


38 


64^5% 
66% 


•00025 


74^6% 


70% 
71% 


77 


BLOOD. 


L'RIXE. 


N<nvprotei.i 

Xitroeen 

% 


riea 

Nitrogen 

% 


Kest 
Nitrogen 


Crea  N 
(hyiwbroDi.) 


Chlorides 


Luetic 

Acid 


Voiutne 
in  c.c. 


Lactic 

Acil 

%  and  gr. 

p.cl. 


T.itiil 

X 

%  and  gv. 

p.d. 


XH, 
Xitro;,'en 
%  and  er. 

|..d. 


XH. 

Total  X 

%  and  er. 

p.d. 


■11324 


•0172 


•01.52 


■018 


■580 


■027* 


•0044 
•024 


1-19 


•0587 
•224 


4^95 


ii:?27 


■0206 


■0121 


■CIS 


■.571 


■033* 


1200 


■0022 
■02li 


•636 
7^fi3 


■0395 
■474 


6-2 


■0338 


■0206 


■0235 


•0103 


■023 
K      125 


■585 


■  020* 


000 


■0034 
■0304 


1033 
9^30 


•023 
•211 


■0175 


■0031 


■036 


1210 


■010 
■121 


■841 
1018 


■039 
■47 


2^3 


4^7 


■0346 


■0267 


■0079 


■030* 


1130 


•0095 
•107 


•.598 
G^76 


■0235 
■265 


39 


■016* 


1055 


■0015 
•016 


•507 
535 


■019 
■206 


3-8 


*  Quantity  of  blootl  examined  wa3  small. 
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DETAILED    ACCOUNTS    OF    THE    PATIENTS. 

CASE  1.     (Acidosis   and    C.-S.  breathing.) 

A  case  of  cardiac,  arterial  and  renal  disease  in  which  there  was  dyspnoea,  but  little  cyanosis, 
accompanied  by  Cheyne-Stokes  breathing  and  suffocative  attacks  at  night.  Special  examinations 
were  made  on  three  occasions  diu'ing  the  patient's  illness  ;  acidosis  was  found  ;  the  result  afforded 
on  each  occasion  a  complete  explanation  of  the  degree  of  respiratory  distress  observed  at  the  time. 
Death  occurred  with  signs  of  cardiac  and  renal  failure  (retention  of  urea  and  hydroxy-acids 
developed). 

J.  P.,  a  hotel  keeper  of  69  years,  was  admitted  to  University  College  Hospital  in  the  autumn 
of  1911,  complaining  of  breathlessness,  feelings  of  faintness  and  swelling  of  the  legs. 

History  (17.11.11).  He  remembers  no  past  illness.  Beer  has  been  drunk  in  moderation  ; 
he  has  smoked  heavily. 

Present  illness.  His  heart  is  stated  to  have  been  weak  since  an  accident  to  the  spine  in  1907. 
A  severe  "  cold  "  was  contracted  in  October,  1911,  and  he  laid  in  bed  with  slight  pneumonia  for 
some  weeks.  Since  this  illness  the  symptoms  have  increased  ;  he  now  complains  of  great 
breathlessness  upon  slight  exertion,  attacks  of  breathlessness  at  night  and  general  lassitude  ; 
frequent  giddy  attacks  ;    and  puffiness  of  the  eyes  and  swelling  of  the  legs. 

The  condition  at  this  admission  was  so  similar  to  that  observed  on  a  later  occasion  that  a 
short  description  of  it  will  suffice.  He  showed  conspicuous  breathlessness,  a  slight  or  moderate 
amount  of  cyanosis,  signs  of  cardiac  faiUu'e  and  renal  insvifficiency.  During  his  stay,  Cheyne- 
Stokes  breathing  was  often  observed,  he  was  frequently  delirious  and  on  several  occasions  comatose. 
Although  his  life  was  despaired  of,  he  made  a  slow  and  partial  recovery. 

1.11.12.  He  was  re-admitted  on  this  date  for  similar  .symptoms  and  wasting;  they  had 
increased  in  intensity  for  three  weeks.  His  condition  was  the  same  as  in  October,  1911.  Ho 
improved  during  his  stay  but  was  again  readmitted  on  March  the  1st,  1913,  with  the  old  symptoms. 

The  condition  (1.3.13).  A  description  of  the  signs  found  on  this  day  may  stand  also  for  that 
of  previous  dates.  A  well-built  man,  who  lies  propped  in  bed  with  pillows.  The  fades  are  grey, 
he  is  pale  and  slightly  cyanosed.  The  breathing  is  gasping,  and  shows  periodic  waxing  and  waning 
in  depth  with  long  apnceic  pauses.  He  cannot  hold  his  breath  voluntarily,  and  the  slightest 
movement  in  bed  increases  his  distress.     He  is  restive. 

*  The  detailed  report  of  the  Monte  Rosa  Ex)iedition  of  1911  is  in  course  of  preparation  and 
will  be  communicated  for  publication  to  the  Phil.  Trans,  of  the  Royal  Society. 


CARDIAC    AND     RENAL    DYS  P  N  (EA  .  79 

Analysis  of  respiratory  curves. 


HVPERPNCE.\. 

HVPOPNCEA. 

Duration. 

R.ITE. 

Duration. 

Rate. 

G.3.13 
5.4.13 

18  sees. 
63     „ 

27  p.m. 
41        „ 

IS  sees. 
22     „ 

26  p.m. 
0     „ 

The  hrarl  is  enlarged  (limits  from  midline,  H  and  5i  inches,  apex  heat  obscured  In-  lungs). 
There  is  no  sign  of  valve  disease  ;  tlie  first  sound  is  sometimes  reduplicated,  forming  a  gallop 
rhythm,  at  the  apex.  Fibrillation  of  the  auricles  is  always  present  and  the  electrocardiograms 
indicate  also  defective  conduction  in  the  right  branch  of  the  .4-1'  bundle.  The  heart's  rate 
varies  around  SO  per  minute.  Arterial  system.  The  pulse  is  continuously  irregular  and  feeble ; 
the  blood  pressure  varies  between  130-160  mm.  Hg.  (most  forcible  beats).  The  arteries  of  the 
limbs  are  thickened.  Venous  reservoirs.  <S:c..  The  veins  are  fviU  and  pulsate  freely  ;  there  are  no 
signs  of  auricular  contractions.  The  liver  is  palpable  below  the  rib  margin  ;  slight  oedema  of 
the  ankles  is  present.  The  kidneys.  The  urine  varies  in  quantity  between  1 100  and  2500  c.c. 
per  diem  (1st  to  31st  of  March,  1913)  ;  the  reaction  is  always  acid  ;  sp.  gr.  1010-1012  ;  albumen 
and  casts  are  not  to  be  found.  Lungs.  Impairment  of  resonance  and  weak  breath  sounds  are 
noted  at  the  bases. 

Course.  The  urgency  of  the  breathing  decreased  within  a  few  days  of  admission.  On  the 
7th  of  March  the  periodic  breathing  was  no  longer  continuous  ;  on  this  day  apnoea  was  seen  only 
occasionally  ;  though  still  distressed  the  condition  had  ameliorated.  By  tlie  9th  the  jieriodic 
breathing  was  almost  confined  to  the  hours  of  night.  On  the  12th  tlie  periodicity  was  still  rarer 
and  during  the  day  the  breatliing  was  natviral  while  the  patient  rested.  The  patient  was 
discharged  on  March  the  30th  much  improved.  During  liis  stay  the  temperature  was  subnormal, 
varying  between  97°  and  98°  Fahr.. 

Further  course.  3.4.13.  He  was  readmitted  very  decidedly  worse.  Orthopnoea,  laboiu-ed 
breathing  of  the  periodic  tj'pe,  signs  of  returning  stasis,  an  increase  in  the  amount  of  cyanosis 
were  present.  The  urine  was  scanty,  dark  and  of  high  density.  Over  the  bases  of  the  lungs 
numerous  crepitations  were  heard.  For  several  days  the  condition  remained  imaltered.  On 
the  7th  his  condition  was  grave,  cyanosis  deepening,"  and  the  breathing  becoming  more  gasping 
and  less  effective.  Alliumen  was  found  in  the  lu-ine.  He  died  in  the  evening  without  further 
warning.  During  this  brief  stay  the  urine  varied  between  100-900  c.c.  per  diem;  the  blood 
pressure  between  138  and  116 "mm.  Hg..  The  heart's  action  remained  unchanged.  The 
temperatiu-e  remained  subnormal. 

Post  mortem,  8.4.13. 

Dropsy  is  present  in  the  legs  ;  tlie  pleural  cavities  contain  each  1  pint  of  clear  fluid  ;  there 
is  also  an  excess  in  the  pericardial  and  peritoneal  cavities.  The  lungs  are  slightly  emphysematous, 
the  bases  congested  and  oedematous.  The  heart  and  vessels  weigh  610  grammes  (muscle  of  the 
R.V.  620  ;  of  the  L.V.  1380  ;  of  the  septum  32-5  grammes).  The  auricles  and  ventricles  are 
dilated,  the  latter  are  overloaded  with  fat,  and  the  muscle  seems  fatty.  The  right  coronary 
orifice  is  narrowed,  the  vessels  are  tortuous  though  wide  and  their  walls  atheromatous.  Witli 
the  exception  of  small  calcareous  deposits  at  tlie  Ijases  of  the  aortic  segments,  and  consideraljle 
dilatation  of  the  tricuspid  orifice,  all  tlie  valves  are  normal.  The  aorta  and  larger  vessels  show 
general  athero-sclerosis.  The  kidneys  weigh  390  grammes  and  are  congested  ;  the  capsules  strip 
easily,  tearing  a  little  ;  the  kidney  surface  is  finely  granular.  Cortex  and  medulla  are  reduced 
in  relation  to  the  general  size  of  the  organ  ;  the  pelvis  with  its  fat  is  wide.  Microscopieallj-  the 
vessels  are  engorged  and  show  some  medial  thickening.  A  few  hyaline  Malpighian  corpiLScles 
are  seen  ;  there  are  areas  over  which  scattered  lymphocytic  collections  and  slight  filirosis  arc  found. 
Tlie  epithelium  of  the  convoluted  tuliules  is  ragged  and  appears  to  be  partially  disintegrated. 
The  tubules  are  distended.     The  liver  and  spleen  are  congested  and  friable. 


CASE  2.     {Acidosis  and  C.-S.  breathing.) 

A  case  of  cardiac  and  renal  disease  in  which  persistent  dyspmea,  accompanied  by  Cheyne- 
Stokes  breathing  and  suffocative  attaclcs  at  night,  were  prominent  features.  Cj'anosis  was  never 
conspicuous.  Special  blood  examinations  explained  the  respiratory  distress.  Death  occurred 
with  signs  of  cardiac  and  renal  failure  ;   (retention  of  urea  developed). 
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H.  L.,  a  iimiried  woman  of  U(>  year.s.  was  admitted  to  the  City  of  London  Hospital  on 
April  the  22nd,  1913,  romplaining  of  great  distress  of  breatliing  and  other  symptoms. 

History  (22.4.13).  Tliorc  is  no  memory  of  past  ilhie.ss.  She  has  had  one  child  and  no 
miscarriages.  Tlie  illness  began  two  years  ago  with  shortness  of  breath  and  this  has  increased  ; 
it  ha-s  been  continuous  and  is  increased  by  exertion.  For  several  weeks  frequent  vomiting  and 
attacks  of  severe  pain,  confined  to  the  sternal  region,  have  been  prominent.  A  cough  is  complained 
of ;  attacks  of  palpitation  and  giddiness  are  common.  She  is  wasting  rapidly.  Sleep  is  very- 
disturbed  ;  she  wakes  repeatedly  at  night  feeling  suffocated.  Frequent  and  excessive  mictvirition 
has  been  present. 

Tlie  condition  (5.5.13V  A  frail  woman  (weight  8  stone  4  lbs.)  who  sits  propped  in  bed  with 
pillows  ;  a  curious  sour  odour  is  present  in  the  room.  The  skin  is  discoloured  ;  the  conjimctivae 
are  yellow;  cyanosis  is  not  prominent.  The  breathing  is  hissing  and  periodic  (Fig.  0).  The 
hj-perpnoeic  phase  is  accompanied  by  great  distress  and  restiveness. 

Analysis  of  respiratory  curves. 


HvPERPNfEA. 

Hypopncea. 

DURATIOX. 

Rate. 

DfRATIOX. 

Rate. 

1.5.13 
14.5.13 
22.5.13 
27.5.13 

80 

70-80 
CO-80 
70-72 

37-45  p.m. 
28-45 
40 
33-45 

25 

17-31 
30-40 
20 

33  (v.  irreg.)  p.m. 
0 
0 
(1 

H.C.  <"■>-**  2. 
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Towards  the  end  of  the  hyperpnceic  phase,  the  lips  and  tongue  are  pink  or  \-ery  slightly 
cvanosed,  during  the  aiinreic  periods  the  lips  and  tongue  become  slightly  c\'anosed.  The 
hands  are  cold  and  tinged  with  blue.  The  heart  is  considerably  enlarged  (apex  beat  in  the  7th 
interspace,  ant.  axillary  line  ;  limits  of  dulness  IJ  and  7  inches  from  the  mid-line).  A  systolic 
murmur  is  heard  at  the  apex  ;  the  2nd  sound  is  intensified  and  reduplicated  at  the  aortic  cartilage. 
The  normal  auriculo-ventricular  contraction  sequence  is  present,  interrupted  by  extrasystoles 
and  these  are  followed  by  alternation.  Arterial  system.  The  pulse  rate  varied  between  58  and 
132  per  minute  (diu-ing  the  illness),  lying  usually  between  80  and  90.  Faster  rates  prevailed 
towards  evening-     The  blood  pressure  is  150  mm.  Hg..     The  arteries  seem  thickened. 

Venous  reservoirs,  etc.  The  veins  are  full  and  pulsate  freely.  The  Uver  is  easily  palpable,  the 
edge  is  hard  and  feels  nodular.  Dropsy  is  present  in  the  legs  and  there  are  signs  of  some  ascites. 
The  kidneys.  The  urine  is  acid;  sp.  gr.  1017  ;  it  contains  albximen  and  granular  casts.  The 
flow  is  small ;   300-500  c.c.  per  diem  as  a  rule.     There  is  no  retinitis. 

Course.  The  breathing  remained  vuialtered  till  death.  She  was  often  delirious  at  night 
and  developed  occasional  incontinence.  Thirst  was  complained  of  a  good  deal.  The  oedema 
increased  and  a  plem-al  effusion  developed  rather  rapidly.  She  became  progressively  weaker 
and  succumbed  on  June  the  11th.     The  temperature  was  subnormal  throughout. 

Post   mortem.      June,   1913. 

The  lower  limbs  are  oedematous  ;  the  right  pleura  contains  a  pint  of  clear  fluid  ;  an  excess  of 
fluid  is  found  in  the  pericardial  and  peritoneal  cavities.  The  left  pleura  is  obUterated  by  soft 
adhesions.  The  lungs  are  oedematous  ;  there  is  little  congestion  or  cedema  of  them.  The  heart 
and  vessels  weigh  495  grammes  (muscle  of  R.V.  79'5  ;  of  L.V.  169-5;  and  of  the  septum  49-5 
grammes).     The  chambers  are  dilated,  the  muscle  pale  and  soft. 
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The  vahes  are  normal  witli  the  exception  of  the  aortic  segments,  wliitli  tlioiiglia  little  calcareous 
at  their  bases,  are  competent.  The  coronary  orifices  are  open,  the  vessels  are  tortuous,  dilat«cl 
and  atheromatous.     The  muscle  fibres  showed  patchj'  fatty  degeneration.* 

The  aorln  and  larger  vessels  show  numerous  patches  of  atheroma.  The  kidneys  weigh  326 
grammes  ;  the  capsules  are  a  little  adherent ;  the  sm-faces  finely  granular.  The  cortices  are  a 
little  narrow.  Under  the  microscoix"  the  vessels  are  full,  the  vessel  walls  show  medial  thickening. 
There  is  a  good  deal  of  scattered  Kbrosis.  especially  in  the  cortex  ;  a  few  of  the  Malpighiau 
corpuscles  are  hyaline.  The  tubules  are  often  isolated  by  fibrous  tissue  ;  the  epithelium  shows 
disintegration. 

CASE  3.     {Acidosin  and  C.-S.  brcathim/.) 

A  case  exhibiting  red  gi-anular  kidneys  and  signs  of  cardiac  failiu'e.  Chejiie-Stokes  breatliing, 
respiratory  distress  and  attacks  of  nocturnal  dyspncea  were  present.  Cyanosis  was  but  slight. 
Special  blood  examinations  were  made  on  the  day  of  death  ;  acidosis  was  fomid.  The  acidosis 
accomited  for  the  respiratorj'  distress  in  the  absence  of  cyanosis.  The  blood  contained  an  excess 
of  hychroxyacids  and  urea.     Death  occurred  with  signs  of  cardiac  and  renal  failure. 

G.  C.   S.,  a  man  of  67  years,  was  admitted  to  Lambeth  Infirmary  on  January  the  22nd,  1913.  ■ 

History  (22.1.13).  He  remembers  no  past  illness  and  attributes  his  condition  to  a  fall  in 
December,  19 10.  From  that  time  he  has  experienced  pain  in  the  head  and  between  the  shoulders. 
Shortness  of  breath  has  been  present  for  six  months  ;  it  is  increased  by  exertion,  and  he  often 
wakes  m  the  night  iii  suflocative  attacks  wliich  last  for  some  while.  He  frequently  has  attacks 
of  giddiness. 

Condition  (28.4.13).  A  wasted  subject  who  sits  in  bed.  The  /aci(s  are  dark,  the  edges  of 
the  lips  are  sUghtly  cyanosed  ;  cyanosis  is  a  little  deeper  in  the  ears,  tongue  and  fingers.  The 
breathing  is  gasping  and  is  heard  all  over  a  large  ward ;  in  depth  it  waxes  and  wanes 
periodically,  often  vanishing  entirely.  The  distress  is  very  great  and  during  the  hyperpnceic 
periods  he  is  ven,-  restive.  But,  curiously,  he  states  that  he  is  better  while  up  and  about  the  ward. 
The  breathing  in  the  hyperpnceic  stage  is  irregtilar. 

Ana/ys!.i  of  respiratory  curve. 


Hyferpxcea. 

H\T>op>.a;A. 

DCRATION. 

Rate. 

Dl-RATIQN. 

Rate. 

28.4.13 

50  sees. 

40  p.m. 

5-16  sees. 

0-34  p.m. 

The  !((arl  is  eidarged  (the  apex  is  in  the  nipple  hue  in  the  4th  space  ;  dulness  from  mid-line 
2  and  5  inches).  There  is  a  general  heave  over  the  left  precordium  and  shght  thrust  in  the 
epigastrium.  Systolic  murmurs  are  heard  at  the  apex  £md  aortic  cartilages.  Fibrillation  of  the 
auricles  is  always  present,  the  ventricular  rate  being  from  110-120  per  minute.  Arterial  system. 
The  pulse  is  continuously  grossly  irregular  ;  the  most  forcible  beats  are  obUterated  by  an  armlet 
pressure  of  160  mm.  Hg.,  the  less  forcible  beats  at  150  mm.  Hg..  The  arteries  are  tliickened. 
Venous  reservoirs,  <fcc.  The  veins  are  fidl  and  pulsate  forcibly.  The  liver  is  much  enlarged  and  is 
pulsatile.  Dropsy  is  present  in  the  feet  and  over  the  sacrum.  There  are  signs  of  some  ascites. 
The  kidneys.  The  urine  is  acid,  contains  albimien,  pus  cells  and  granular  casts  ;  sp.  gr.,  1,020. 
Lunijs.     There  are  signs  of  small  pleural  effusions,  and  genercd  bronchitis. 

Course.  During  the  patient's  stay  in  hospital  his  condition  was  almost  unchanged.  At 
nights  he  was  often  delirious.  He  died  without  further  warning  during  the  evening  after  the 
special  examinations  were  made  (28.4.13).  The  temperature  w£is  subnormal  throughout  the 
iUnesE,  reaching  98-6"  on  four  occasions  only. 


Post  mortem  (30.4.13). 
Slight  dropsy  is  present  in  the  legs  and  over  the  sacrum.  There  is  considerable  ascites,  but 
no  excess  of  pericardial  fluid.  The  lungs  are  congested  and  show  collapse  ;  scarrings  and 
adhesions  are  present  at  the  apices.  More  than  a  pint  of  fluid  is  found  in  each  plem'a.  The  heart 
and  vessels  weigh  650  grammes  (muscle  of  R.V.  810,  of  the  L.V.  187-5,  and  of  the  septiun  36-5 
grammes).  The  auricles  and  ventricles  are  dilated.  The  coronary-  vessels  show  a  little  atheroma. 
The  valves  are  normal  with  the  exception  of  some  widening  of  the  tricuspid  orifice.     The  aorta  is 


Uue  of  two  hearts  examined  for  fat. 
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atheromatous  tlirouslioiit  its  wliole  length  ami  small  calcareous  plaques  are  present  in  the 
ahdominul  aorta.  Tho  kidnrys  weigh  270  grammes.  The  capsules  are  very  aUherent,  the 
surfaces  reel  and  coarsely  gr.auular,  presenting  many  small  retention  ejsts.  The  cortices  are 
narrow.  ('onsiclorable  librosis  and  l\inphocytosis  are  seen  uiuler  the  microscojic.  The 
Malpighian  corpu.scles  are  mostly  hyaline.  The  e|)it  helium  of  tho  tubules  is  extensively 
disintegrated  ;  the  vessels  are  thickened  in  the  intimal  coats.  The  liver  shows  congestion. 
The  brain  is  normal ;   the  \na,  arachnoid  is  opaque  and  o'dematous. 

CASE  4.     {Acidosis    icilli    C.-S.   hrcatliiny.) 

A  case  of  cardiac  failure  with  signs  of  renal  invoh'enient.  Dyspnoea,  a.ssociated  with  attacks 
of  nocturnal  distress  and  C'he_\'ne-Stokes  breathing,  was  prominent.  High  blood  pressure  was 
present.  There  was  no  trace  of  cyanosis.  Special  examinations  explamed  the  breathlessness  ; 
acidosis  wa.s  found. 

D.,  a  jeweller  of  57  years,  was  seen  on  May  the  Sth,  1913,  for  breathlessness  and  drowsiness. 

Hislory  (8.5. 13).  There  is  no  history  of  pre\ious  ilhies.s.  For  twelve  months  he  has  been 
short  of  lireath  with  effort  and  u|5on  exposiu'e  to  cold.  Pain  in  the  epigastrium  is  also  experienced. 
In  November,  1912,  the  symptoms  were  more  severe,  and  he  was  wakened  at  night  with  aggravated 
breathlessness.  In  Jamiary  he  had  to  take  to  bed,  and  seen  at  that  time  ChejTie-Stokes  breathing 
and  alternation  of  the  heart  were  discovered.  He  improved  and  began  to  get  about  but  hivs  now 
had  a  relapse.  To-day  he  has  developed  a  severe  frontal  headache,  has  become  more  breathless 
and  notices  weakness  and  numbness  in  the  left  arm.  Nocturnal  micturition  has  been  present  on 
rare  occasions. 

Condition  (8.5.13).  The  patient  lies  flat  in  bed;  he  is  drowsy.  He  has  absolutely  not  a 
trace  of  cyanosis.  The  brcatldng  is  gasping  (30  per  minute)  and  a  little  periodic  in  amplitude. 
He  is  restive. 

Analysis  of  respiratory  curves. 


Hyperpncb.-v. 

HvPOPNliA. 

DtTRATION. 

Rate. 

DtmATION. 

Rate. 

10.5.13 
13.5.13 

18.5.13 
19.5.13 

35  sees. 
31  sees. 
30-40  sees. 
30-35  sees. 

40     p.m. 
24-30  „ 
30-32  , 
42 

10  sees. 
31  sees. 
30-40  sees. 
10-15  sees. 

0       p.m. 
21-28  ., 
2(5-29  „ 
0 

The  lieart  is  a  little  enlarged.  Tliere  are  no  miu-nuu-s.  The  rate  is  92  per  minute  ;  the 
action  is  irregular.  The  a-c  interval  is  prolonged,  extrasjstoles  are  present.  Arterial  system. 
There  seems  to  be  no  thickening.  The  blood  pressure  varies  between  200  and  210  mm.  Hg., 
Alternation  of  the  pulse  follows  the  extrasystoles.  The  veins  of  the  neck  are  swollen  and  pulsate 
freely.  The  liver  is  not  enlarged  ;  there  is  no  dropsy.  The  kidneys.  He  passes  from  050-2,000  c.c. 
of  urine  a  day  ;  it  contains  albumen  and  abundant  granular  casts.  The  retinae  are  normal 
The  lungs.     A  few  rhonchi  are  heard  over  the  chest. 

Course.  He  remained  in  practically  the  same  state  until  May  the  14th,  often  exhibiting 
Cheyne-Stokes  breathing,  and  sleeping  badl}\  Between  the  14th  and  17th  there  was  considerable 
improvement,  but  on  this  day  he  became  more  drowsy  towards  evening,  developed  aphasia  and 
left  hemiplegia.  On  the  18th  he  was  better,  recognising  people  £uid  talking  a  little.  The  jerks 
were  increased  on  the  right  side,  decreased  on  the  left ;  plantar  response  (right  and  left)  extensor. 
Improvement  was  considerable  up  to  the  28th  when  he  was  last  seen.  The  breathing  was  then 
easier  (28  per  minute)  and  fairlj-  regular.  C'hej-ne-Stokes  breathing  being  but  rarely  in  evidence. 
The  paralysis  in  the  left  hmbs  is  clearing  up  slowly  ;  extensor  response  is  still  foimd  in  the  left 
foot.     He  has  travelled  to  Canada  and  died  there  recently. 

CASE  5.     {Acidosis  and  C.-S.  breathing.) 

A  case  of  cardiac  and  renal  disease  in  which  continuous  dyspntva,  Chejiie -Stokes  breathing, 
and  attacks  of  intense  dyspnoea  (often  at  night)  were  prominent,  but  in  which  c\anosis  was 
never  great.  Special  blood  examinations  accounted  for  the  breathlessness  ;  acidosis  was  found. 
Death  occurred  with  signs  of  circulatory  failiu-e. 

F.  C,  a  French-polisher  of  53  years,  was  admitted  to  Universitj'  College  Hospital  on  January 
the  19th,  1913,  complaining  of  persistent  breathlessness. 

History  (19.1.13).  With  the  exception  of  a  severe  bronchitie  attack  10  years  before,  he 
gives  no  historj'  of  other  iUiiess  though  he  had  a  similar  seizure  to  the  present  one  six  years  ago. 
His  habit  has  been  to  drink  two  pints  of  beer  a  day.     For  two  years  there  has  been  progressive 
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loss  of  flesh  (2  stone).  Shortness  of  breath  has  been  continuous  for  tliree  months  ;  it  is  noticed 
especially  upon  exertion  ;  he  says  that  he  wakes  frec£uently  at  night  with  a  feeling  "  as  though 
he  is  drowning  "  ;  the  struggle  with  his  breath  lasts  ton  to  twenty  minutes  and  he  goes  to  sleep 
again,  often  to  re-awaken  in  the  same  state.  Sometimes  the  same  attacks  come  on  by  day. 
Headaches  are  experienced  not  infrequently. 

CondUion  (lO.I.Ki).  An  emaciated  and  pale  subject  (red  cells  3.780,000;  whites  14,7,"jO; 
neutrophile  poh  morplionuclear  SO"',,),  who  lies  propped  up  in  bed  or  sits;  there  is  but  very 
slight  cyanosis  •  his  skin  is  a  lemon  yellow  colour.  He  is  drowsy.  The  breathing  is  laboured 
and  irre"g\ilar  ;  it  is  also  periodic,  waxing  and  waning  and  demonstrating  periods  of  very  shallow 
respiration  or  apnoea  (Fig.  7).  He  is  restive,  and  the  restiveness  is  most  conspicuous  during  the 
hypcrpnoeic  stage.  He  is  unable  to  hold  the  breath  at  all,  and  deep  breathing  is  followed  by  no 
abatement  in  the  respiratory  exciu-sion. 


C.    i-f   'i 
Co/U.  5" 


»*'H%%v^ 


K.g    7. 


Hyperpncea. 

HYPOPNOi.i. 

DUK.\TION. 

R.\TE. 

Duration. 

R.\TE. 

29.1.13 

33  sees. 

33  p.m. 

15-30  sees. 

0-24-20  p.m. 

The  heart  is  enlarged  (impulse  diffuse,  limits  of  dulness  from  mid-line  0  and  5  inches).  The 
sounds  are  normal,  there  are  no  murmurs.  The  mechanism  is  normal  (electrocardiograms,  &c.). 
The  rate  is  excessive,  lying  usually  near  100  per  minute  and  being  faster  towards  evening  as  a  rule. 
Arterial  system.  The  beats  are  equal  in  strength  but  feeble.  The  arterial  walls  seem  thickened. 
Blood  pressiu-e  180-150  mm.  Hg..  Venous  reservoirs.  There  is  no  excess  of  venous  pulsation 
or  filling  ;  the  liver  margin  can  be  felt  between  umbilicus  and  rib  margin.  The  spleen  is  palpable. 
He  has  slight  oedema  of  both  ankles.  Kidneys.  The  urine  \aries  in  quantity  between  450  and 
1,500  c.c.  per  diem.  It  is  acid  ;  sp.  gr.  1,014-32  ;  a  trace  or  cloud  of  albumen  is  present.  No 
casts  are  to  be  found.  Lunys.  At  the  bases  are  a  number  of  rhonchi  and  crepitations.  Nervous 
system.     Normal  except  for  drowsiness  and  irritability. 

Course.  By  the  23rd  the  oedema  had  cleared  ;  on  the  4th  he  retched,  and  brought  up  a  little 
clear  fluid  ;  this  symptom  was  often  repeated  subsequently.  He  slept  very  badly,  being  often 
disturbed  by  attacks  of  breathlessness.  On  the  10th  of  Februarj-.  he  developed  a  systolic 
apical  mm-mm-,  and  on  the  17th  the  ankles  were  cedematous  again.  The  attacks  of  nocturnal 
dyspnoea  increased  in  frequency  and  severity  towards  the  end  of  this  month,  as  did  also  the 
oedema.  On  the  3rd  JIarch  signs  of  a  commencing  effusion  were  noticed  at  the  right  base.  On  the 
5th  he  had  several  severe  attacks  of  dyspncea  towards  evening,  accompanied  by  very  frequent 
and  gasping  respirations  (rate  40-50  per  minute)  ;  these  periods  lasted  a  minute  and  tended  to 
recur  after  short  intervals.  Towards  the  end  of  each  period  of  h>-perpna?a,  restlessness  was 
very  great  and  he  complained  of  pain  of  anginal  distribution.  This  subsided  as  the  hyperpnoea 
lessened.  The  complete  period  of  great  distress  lasted  for  several  hours  and  was  repeated  each 
afternoon  for  many  days  ;  it  was  accompanied  by  profuse  sweating  and  follo%ved  by  exhaustion 
and  dread  of  its  recxirrence.  By  the  7th  of  March  dropsy  had  increased  and  about  this  time  the 
usual  periodicity  of  the  breathing  vanished,  and  was  replaced  by  irregular  lalioiu-ed  breathing. 
Cyanosis  though  never  prominent  increased  a  little.  On  the  17th  ho  had  a  fit  in  the  night. 
beginning  with  twitching  in  the  limbs  and  ending  in  unconsciousness  lasting  for  a  half  hour  and 
being  succeeded  by  a  long  period  of  drowsiness.  On  the  28th,  the  legs  were  drained.  Next  day 
a  similar  fit,  with  vuiconsciousness  of  40  minutes  duration,  occurred.  On  the  1st  of  Aj  ril  h<j 
cough^-d  up  blood-stained  sputum.  On  the  7th  sepsis  developed  in  the  left  leg  and  from  this  time 
he  became  progressively  weaker  ;  he  died  from  general  exhaustion  on  the  26th.  Up  till  the  time 
when  the  leg  became  septic  the  temperature  was  almost  always  subnormal,  reaching  99°  on 
one  occasion  only. 
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Post    mortdii.      (27.4.13.) 

A  sallow,  wiistetl  body  (weight  71  stone).  t"oiisideral)lo  ilrop.sy  is  pivsoiit  in  the  legs  aiifl  an 
excess  of  fluid  in  the  ])oricardiuin.  The  lungs  are  eraph\seinatoiis  and  (edematous  ;  in  the  right 
are  large  thrombotic  infarcts.  The  right  pleura  contains  two  pints  of  fluid  and  the  pleura  is 
covered  with  recent  blood-stained  lymph.  The  left  pleura  contains  a  pint  of  clear  fhiid.  The 
heart.  The  heart  and  vessels  weigh  425  grammes  (muscle  of  R.X.  '.H)'>,  of  L.V.  I'oo,  and  of 
septum  42-.>  grammes).  The  chambers  are  dilated  and  the  muscle  friable.  Ante-mortem  clots 
are  found  in  the  left  ventricular  apex.  The  coronary  artories  are  tortuous  and  very  calcareous. 
With  the  exception  of  dilatation  of  tlie  tricuspid  ring  the  \al\es  arc  normal.  The  aoria  and  largo 
\cssels  show  a  mild  grade  of  atheroma.  Tlie  kidmiis  weigh  400  grammes  ;  tlie  capsiUes  arc  very 
thick,  strip  with  diilicult,\'  and  lca\e  finely  gi-aniilar  torn  surfaces.  The  pelves  are  wide,  the 
actual  kidney  substance  seeming  to  Ix'  reduced.  Jlicroscopically  examined  tl\c  organs  are 
engorged,  show  a  good  deal  of  interstitial  fibrosis  and  patchy  collections  of  lymphocytes  ;  the 
tubules  are  distended,  the  epithelium  beuig  flattened  and  disintegiatcd.  The  Malpighian 
corpuscles  are  congested.  The  vessels  show  medial  thickening.  The  liver  and  «/V«ii  aic  large 
and  congested,  the  former  showing  fibroid  and  fatty  eliange  also. 

CASE  6.     {Acidosis  and  C.-i>.  breathiny.) 

A  case  of  rheumatic  heart  disease,  exhibiting  persistent  paroxysmal  tachycardia,  heart  liluck, 
aortic  regiu-gitation  and  angina  pectoris.  Dyspna?a.  accompanied  V>y  Cheyne-Stokes  breathing, 
was  a  prominent  symptom.  High  blood  pressure  was  usually  ])resent.  Cyanosis  was  never 
a  prominent  symptom.  Special  blood  examinations  fully  cx|)lained  the  djspuoea  and  revealed 
a  condition  of  acidosis.     There  were  signs  of  some  renal  involvement. 

A.  S.,  a  man  of  57  years,  was  admitted  to  University  College  Hospital  on  Ma\'  the  'Jtli,  IDII, 
complaining  of  breathlessness  and  swelling  of  the  feet. 

Higlory  (11.5.13).  A  daughter  is  under  treatment  for  mitral  stenosis  of  rheiuuatic  origin. 
He  acquired  rheumatic  fever  at  20  years  of  age.  His  first  sjmptom  of  his  present  complaint 
appeared  in  May,  1911,  in  the  form  of  shortness  of  breath  and  swellmg  of  the  feet.  He  suffers 
from  giddiness  and  attacks  of  paiii  in  the  left  side  of  the  chest  and  arm.  The  latter  becomes 
numb.  The  attacks  are  accompanied  by  choking  sensations  in  the  tlu'oat.  He  has  Ix'en  under 
obser\-ation  in  a  Neri,'  similar  condition  for  two  years,  spending  the  greater  pai't  of  his  time  as  an 
inmate  of  \arious  hospitals.  He  improves  during  hospital  treatment  but  reverts  to  his  original 
condition  within  a  short  time  of  his  discharge. 

Comlilion  (19.5.13).  The  patient  is  a  lieavy-framed,  though  rather  wasted  subject,  who 
suffers  from  orthopnoea.  The  face  is  sallow,  and  he  has  distinct  cyanosis  of  the  lips,  but  none 
of  the  ears  and  cheeks.  The  brca'hing  is  quickened  but  not  distressed  while  he  rests.  It  is  periodic, 
waxing  and  waning,  and  often  progressing  to  apncea  of  short  diu-ation  (see  Fig.  8).  The  luarl  is 
enlarged  (liinits  of  duhiess,  2  and  5J  inches  from  the  midline  ;  apex  diffuse).  To  and  fro  aortic 
murmurs  are  heard  and  a  blowing  systolic  luiu'mur  at  the  apex.  The  2nd  aortic  sound  is  not 
audible.  He  has  a  condition  of  persistent  paroxysmal  tach\cardia  ;*  short  paroxysms  succeed 
each  other  rapidly  (Fig.  9).  Electrocardiographic  examination  shows  that  they  arise  ui  a  new 
auricular  focus.  The  P-tt  uiterval  is  always  long  and  occasionally  beats  are  missed.  The  rate 
of  the  heart  when  it  beats  naturally  is  60-80  ;  during  the  paroxysms  its  rate  is  120-1(30.  Arterial 
system.  The  pulse  is  full  and  water-hammer  in  character  ;  capillary  pulsation  is  present.  The 
blood  pressitte  varies  from  150-200  mm.  Hg..  The  arteries  are  tortuous  and  thickened.  Venous 
reservoirs,  etc.  The  \eins  aie  very  prominent  and  pulsate  with  almost  arterial  force.  The  Uver 
is  eidarged  and  pulsatile.  He  has  dropsy  of  the  feet.  The  kidneys.  The  lu-iue  varies  from 
1,100-2,500  c.c.  per  diem  ;  sp.  gr.  1,015  ;  a  trace  or  cloud  of  albumen  is  foimd  ;  granular  casts 
are  present.     The  retui.B  are  normal.     The  lungs.     The  percussion  note  is  impaired  at  the  bases. 

Course.  The  periodic  breathing  was  persistent  ;  he  often  experienced  exaggerated  breathless- 
ness at  night.  Drjiiess  of  the  mouth  and  tliirst  were  complamed  of.  The  temperature  was 
subnormal  on  almost  all  occasions.     During  his  stay  his  symptoms  were  but  Uttle  reUeved. 

On  May  the  20th,  his  respiratory  ventilation  was  measured.  He  tiUed  a  100  litre  gas  bag 
in  12  mins.  IS  sees.,  and  in  11  mins.  20  sees.  The  output  averaged  13-5  litres  per  miuut«.  The 
output  per  respiration,  counting  the  breaths  on  respiratory  curves  dming  each  observation, 
came  to  429  c.c.  per  respiration  (number  of  respiiations  396  on  each  occasion). 

CASE  7.     (Acidosis  and  C.-S.  breathing.) 

A  case  of  cardiac,  arterial  and  renal  disease.  High  blood  pressiu'e,  continuous  dyspnoea, 
accompanied  by  Che\nie-Stokes  breathing,  and  without  luidue  cyanosis,  were  features  of  the  case. 
Special  blood  examinations  explained  the  respiratory  distress ;  acidosis  was  found.  Death 
occurred  with  signs  of  cardiac  failure. 

*  These  have  always  been  present,  see  Agassiz"  report.  Heart,  1911-12,  iii,  193. 
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F.  J.  S.,  a  man  of  63  years,  was  admitted  to  Lambeth  Infirmary,  complaining  of 
breathlessuess  and  swelling  of  the  legs. 

History  (14.5.13).  There  is  no  history  of  past  illness.  He  has  been  ailing  for  nine  months, 
shortness  of  breath  upon  exertion  teing  the  chief  symptom.  Over  the  same  period  he  has 
experienced  sensations  of  choking  at  night  ;  he  wakes  frequently  to  find  himself  very  breathless. 
The  intensified  attack  may  last  a  few  minutes  or  half  an  hour  or  more.  He  has  been  accustomed 
to  micturate  several  times  at  night.     Swelling  of  the  feet  commenced  a  month  ago. 

Condition  (14.5.13).  A  wasted  man  who  sits  propped  in  bed  with  pillows  ;  the  complexion 
is  pigmented  and  his  expression  anxious.  He  has  slight  cyanosis  of  lips,  ears  and  fingers.  The 
breathing  is  distressed  and  periodic,  waxing  and  waning  to  regular  periods  of  apncea  ( Fig.  1 0).  He  is 
restive  during  the  lij-perpnceic  phases.  Slight  exertion  increases  his  distress  and  he  is  unable 
to  hold  his  breath  during  the  period  of  breathing. 

Analym's  of  respiratory  curves. 


Hypf.rpnu;.\. 

Hypopniea. 

Duration. 

R.\TE. 

DuR.\TION. 

R.\TE. 

9.5.13 
19.5.13 

27  sees. 
30-35 

39  p.m. 
42  p.m. 

9-11  sees. 
10-15  sees. 

0-39  p.m. 
0 

The  heart  is  enlarged  (impulse  in  the  4th  and  5th  spaces  ;  limits  of  dulness  1  and  G  inches 
from  the  mid-line).  There  is  no  sign  of  valve  lesion  ;  gallop  rhythm  is  heard  at  the  apex.  The 
mechanism  is  normal.  The  heart  rate  varies  between  90-120  ;  it  is  usually  over  100,  and  faster 
at  night.  Arterial  system.  The  pulse  is  feeble,  the  blood  pressure  varies  between  200  and  220 
mm.  Hg..  The  arteries  are  verj-  tortuous  and  thickened.  Venous  reservoirs,  <tc.  The  veins 
are  a  little  prominent  and  pulsate  vigoroiisly.  The  liver  is  felt  as  low  as  the  umbilicus  and 
pulsates.  He  has  cedema  of  the  legs  and  back.  Tlie  kidneys.  The  quantity  of  urine  is  usually 
less  than  normal ;  it  is  of  high  colour,  and  contains  albumen  and  granular  casts  ;  sp.  gr.  1,017. 
Lungs.     There  are  signs  of  a  pleural  effusion  on  the  right  side. 

Course.  The  breathing  remained  unaltered  until  the  end.  On  the  7th  of  May  three  pints 
of  fluid  were  drawn  from  the  right  pleura  ;  four  pints  of  fluid  were  also  taken  away  on  the  27th 
and  on  the  5th  of  June.  Cyanosis  was  never  conspicuous.  He  became  progressively  weaker 
and  the  dropsy  increased.  Thirst  was  a  prominent  symptom.  He  died  on  June  the  14th.  The 
temperature  was  subnormal  throughout  his  illness. 

Postmortem.     (15.6  13.) 

There  is  general  anasarca  ;  the  right  pleiu-a  contains  tliree  pints  of  clotted  fluid,  the  left 
about  a  half  pint.  The  right  lung  is  compressed,  the  left  congested.  The  heart  and  vessels 
weigh  626  grammes  (muscle  of  R.V.  885  ;  of  L.V.  1230;  and  of  septum  73'5  grammes).  The 
cavities  are  dilated.  The  muscle  showed  advanced  fatty  degeneration.*  The  valves,  with  the 
exception  of  widening  of  the  tricuspid  ring,  are  normal.  The  coronary  openings  are  normal, 
the  vessels  are  open  but  stiff  with  atheroma  and  calcareous  deposit.  The  valves  are  normal 
with  the  exception  of  some  widenijig  of  the  tricuspid  ring.  The  kidtwys  weigh  270  grammes. 
The  capsules  strip  easily,  leaving  finely  granular  siu-faces.  The  cortices  are  not  reduced.  Under 
the  microscope  the  vessels  are  engorged,  and  show  medial  thickening.  There  is  considerable 
diffuse  fibrosis.  The  Malpighian  corpuscles  are  engorged  but  otherwise  normal.  The  epithelium 
of  the  tubules  shows  little  change. 

The  liver  is  enlarged  and  congested. 

CASE  8.     {Acidosis  and  C.-S.  breathing.) 

A  case  exhibiting  arterio-sclerosis  and  fibrosis  of  the  kidneys  with  signs  of  cardiac  degeneration. 
High  blood  pressure,  ChejTie-Stokes  breathing  and  distressed  breathing  were  conspicuous  features 
of  the  condition  ;  cyanosis  was  slight.  Special  blood  examinations  showed  a  condition  of  acidosis 
which  accounted  for  the  dyspnoea.      Death  occurred  with  signs  of  cardiac  failure. 

J.  S.,  a  man  of  64  years,  was  admitted  to  Lambeth  Infiriuary  on  February  the  21st,  1913, 
complaining  of  shortness  of  breath. 


*  One  of  two  hearts  examined  for  fat. 
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Ilijilory  (21.2.l:i).  The  past  history  throws  no  lij^ht  upon  his  ilhioss.  It  is  said  that 
breathlessness  lias  been  present  for  six  weeks,  and  has  been  so  severe  as  to  confine  him  to  bed  for 
a  fortnight. 

Condition  (7.3.13).  The  patient  is  pallid,  he  is  but  .'ilightly  oyanosed  ;  he  sits  propped  up 
in  bed  with  pillows.  The  hrealhin/j  is  labo\ired,  noi.sy  and  accompanied  by  considerable  distress. 
The  amplitude  of  respiration  waxes  and  wanes  periodically,  ending  in  long  apnoeic  periods. 
During  the  hjperpnoeic  stage  the  breathing  is  regular,  but  he  is  \'ery  restive.  He  is  delirious  and 
very  drowsy. 

The  heart  is  enlarged  (impulse  in  4th  and  5th  spaces  outside  the  nipple  ;  limits  of  dulness 
1}  and  5  inches  and  in  the  3rd  space).  A  good  deal  of  shock  is  felt  over  the  precordiuni.  There 
is  no  sign  of  valvular  disease  ;  gallop  rhythm  is  heard  at  the  apex.  The  mechanism  of  the  heart 
is  normal ;  the  rate  usually  lies  between  72  and  100  per  minute.  Arterial  system.  The  pulse 
wave  is  feeble,  but  the  blood  pressure  is  high  (190-200  mm.  Hg.).  The  vessels  are  thickened. 
Venous  reservoirs.  The  veins  are  full.  The  li\-er  and  spleen  are  palpable  ;  much  cedema  of  the 
hands,  feet  and  back  is  present.  Kidneys.  The  urine  contains  albumen.  Lungs.  The 
percussion  note  is  impaired  at  both  bases  and  the  breath  sounds  are  weak. 

Course.  The  patient  continued  in  the  same  stat«  until  the  23rd,  when  death  supervened. 
The  temperatiu'e  was  subnormal  throughout  ;   average  97-5''  Fahr.. 

Post  mortem.     (24.3.13.) 

The  trunk  and  limbs  are  dropsical  ;  an  excess  of  fluid  is  found  in  the  pericardial  and 
peritoneal  cavities.  The  lungs  are  emphysematous  and  the  lower  lobes  congested.  Each  pleura 
contains  over  a  pint  of  fluid.  The  heart  and  vessels  weigh  69.5  grammes  (muscle  of  R.V.  1040, 
of  the  L.V.  191'0,  and  of  the  septum  61-2  grammes).  There  are  no  adhesions.  The  cavities  are 
dilated.  The  coronary  vessels  are  dilated  and  rigid.  The  valves  are  normal.  The  aorta  and 
large  vessels  show  general  athero-sclerosis.  The  kidneys.  The  right  organ  is  small  and  coarsely 
granular,  presenting  many  large  retention  cysts.  The  capsules  are  adherent  and  the  cortex  very 
thin.  Under  the  microscope  profound  interstitial  changes  are  seen,  fibrosis  being  greatly  in 
evidence,  and  many  of  the  Malpighian  corpuscles  being  hyaline.  The  tubules  are  largely 
denuded  of  epithelium.  The  vessels  show  medial  and  internal  thickening.  The  left  organ  is 
enlarged,  the  surface  finely  granular,  the  cortex  diminished  in  size.  Scattered  collections  of 
lymphocytes  are  seen  ;  there  is  a  good  deal  of  fibrosis  ;  the  vessels  show  great  intimal  thickening  : 
the  tubules  are  distended  and  the  epithelium  is  ragged.  The  lii-er  and  spleen  are  large,  congested 
and  friable. 

CASE  9.     {Acidosis  without  C.  S.  breathing.) 

A  case,  of  cardiac  failure  with  some  signs  of  renal  involvement,  in  which  dyspncea,  accompained 
by  but  very  slight  cyanosis,  was  prominent.  Special  examinations  completely  explained  the 
dy.spnoea  and  proved  the  presence  of  acidosis.  After  a  few  weeks  stay  in  hospital  the  dyspnoea 
subsided  and  the  acidosis  disappeared. 

M.  P. ,  a  married  woman  of  6 1  years,  was  admitted  to  the  City  of  London  Hospital  co  mplaining 
of  breathlessness. 

History  (21.5.13).  She  had  measles  and  scarlet  fever  as  a  child.  For  12  years  she  has  been 
the  subject  of  a  winter  cough.  For  two  months  she  has  been  short  of  breaih  ;  it  is  felt  most  in  the 
early  morning,  when  the  weather  is  cold  and  upon  exertion.  Palpitation,  cough  and  pain  in  the 
left  chest  have  been  present  for  the  same  period.  She  is  losing  flesh.  For  a  week  slight  swelling 
of  the  feet  has  been  noticed. 

Condition,  (23.5.13).  A  poorly  nourished  woman  (weight  8  stone  2  lbs.),  she  sits  in  bed. 
There  is  very  slight  cyanosis  of  the  edges  of  the  lips  and  of  tho  tongiie  ;  the  clieeks  and  ears  are  of 
normal  colour.  The  breathing  is  hurried  (30-40  per  minute)  ;  it  is  irregular,  and  there  is  some 
distress.  After  taking  twelve  deep  breaths  a  pau.se  of  three  seconds  occurs ;  three  small 
respirations  are  then  taken,  a  pause  and  a  further  group  of  three  respirations  follows.  Then  there 
is  a  pause  and  the  respirations  which  follow  show  a  slight  staircase  imtil  her  natural  respirations 
are  resumed  (Fig.  II).  She  can  hold  her  breath  for  no  more  than  four  seconds.  Cheyne-Stokes 
breathing  has  not  been  seen,  she  has  been  closely  watched  for  it.  The  jteart  is  enlarged  (impulse 
diffuse  in  5th  and  6th  spaces;  limits  of  dulness  1|  and  5J  inches  from  mid-line).  There  are  no 
murmurs  ;  gallop  rhythm  is  present  at  the  apex.  The  heart  rate  varies  from  80  to  100 ;  occasional 
extrasystoles  interrupt  its  otlierwise  regular  action.  Arterial  system.  The  arteries  are  thickened, 
the  blood  pressure  varies  from  170  to  200  mm.  Kg..  There  is  no  alternation.  The  veins  seem 
normal ;  the  liver  is  slightly  enlarged.  Slight  dropsy  of  the  ankles  is  present.  The  kidneys. 
The  urine  is  increased  in  quantity  ;  a  trace  of  albumen  is  present.  There  are  no  casts.  The 
retinse  are  normal.      Lungs.     A  few  crepitations  are  heard  at  the  bases. 
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Fig.  II. 

Course.  Diiring  the  Gve  weets  stay  in  hospital,  her  condition  gradiially  improved  until 
she  lost  her  breathlessness,  and  was  able  to  walk  about  without  discomfort.  .\t  no  time  was 
CheviieStokes  breathing  obser\-ed.  During  her  st^y  there  were  several  attacks  of  nocturnal 
dyspnoea,  one  of  which  lasted  20  minute-s.  She  suflered  a  good  de.il  from  thirst.  Her  temperature 
was  almost  always  subnormal. 

CASE  10.     (Acidoaia  iHthout  C.-S.  breathing.) 

A  ca.se  of  cardiac  failure,  with  some  signs  of  renal  involvement,  in  which  dyspncea.  in  the 
absence  of  what  could  be  con,sidered  an  equivalent  gratle  of  cyanosis,  was  a  prominent  s\-mptom. 
Chejnie-Stokes  breathing  wa-s  never  observed.  Special  examinations  explained  the  dyspnoea  and 
revealed  acidosis. 

H.  P.,  a  window  cleaner  of  .50  years  of  age,  was  admitted  to  University  CoUeae  Hospital 
on  the  1 4th  April,  1913,  complaining  of  shortness  of  breath,  giddiness  and  cough. 

HUtonj  (14.4. l.*!).  He  ha-s  had  no  illness  except  tjTihoid  fever  29  years  ago.  For  20  years 
he  has  had  attacks  of  breathlessness  accompanied  by  pain  in  the  chest  and  giddiness.  The 
attacks  are  induced  by  effort  and  they  la.st  many  weeks.  In  recent  attacks  the  left  arm  has 
swollen  and  he  has  experienced  nocturnal  breathlessness.  He  wakes  repeatedh-  in  the  night  to 
find  his  breath  short. 

Condition  (15.4.13,  &c.).  The  patient  is  orthopnoeic  ;  he  has  slight  cyanosis  of  the  lips; 
the  cheeks  and  ears  are  more  deeply  cyano.sed.  The  breathing  is  hurried  (34-40  per  minute)  but 
reg\ilar.  There  is  no  reserve.  The  heart  is  enlarged  (impulse  not  felt  ;  limits  of  dulness  1  and 
5  inches  from  mid-line).  There  are  no  mm-murs  ;  gallop  rhythm  is  heard  at  the  apex.  The 
mechanism  is  normal.  The  rate  varies  Ijetween  84  and  125  ;  usually  it  lies  near  100.  Arteries. 
The  pulse  is  regular  and  shows  no  alternation.  The  vessel  walls  are  thickened.  The  blood 
pressure  varies  around  180  nun.  Hg.  (sometimes  it  reached  200  mm.).  Venous  system.  The 
venous  pressure  is  raised.  He  has  e-indent  signs  of  obstruction  to  the  superior  vena  cava  (this 
is  of  16  years  standing).  The  liver  is  a  little  enlarged.  The  kidneys.  The  urine-flow  vari^ 
between  350  and  1.100  c.c.  per  diem  ;  sp.  gr.,  1,010-20.  The  urine  contains  a  little  albumen, 
and  granular  casts.     The  retinae  are  normal.      Lungs.     There  are  no  signs. 

Course.  From  his  admission  to  the  time  when  the  .special  examinations  were  niade,  there 
was  no  perceptible  change  in  his  condition  ;   the  temperature  was  almost  always  subnormal. 

CASE   11.     (Aridosis  u-ilhoiil  C.-S.  breathing.) 

A  case  of  rheumatic  heart  disease  (mitral  stenosis)  admitted  for  cardiac  failure  (auricular 
fibrillation).  She  developed  a  verj-  rapid  heart  action  and  died  diu"ing  the  attack.  Breathlessness 
was  lu-gent,  and  the  patient  considerably  cyanosed.  A  special  blood  examination  was  made 
during  the  attack  and  acidosis  was  found.     The  condition  shortly  ended  fatally. 

C.  S.,  a  woman  of  54  years,  was  admittetl  to  University  College  Hospital  complaining  of 
breathlessness  and  swelling  of  the  legs  on  .April  the  22iid,  1913. 

History  (22.4.13).  At  22  she  suffered  from  rheumatic  fever  and  has  been  laid  up  on  three 
occasions  since  with  the  same  complaint.  Shortness  of  breath,  intensified  by  exertion,  and 
palpitation  have  been  present  for  four  years.  Swelling  of  the  legs  and  alxlomen  first  developed 
two  and  a  half  years  ago. 

Condition  (22.4.13).  A  thin,  sallow  woman,  who  sits  in  bed.  There  is  a  good  deal  of  cyanosis 
of  the  lips,  cheeks,  ears  and  hands.  The  breathing  is  very  laboured  and  rapid  ;  there  is  absohitely 
no  reserve.  The  heart  is  enlarged,  and  there  are  evidences  of  mitral  regiu-gitation  and  stenosis. 
.Auricular  fibrillation  is  present,  the  \-entricular  rate  being  140  per  minute.  Arterial  system.  The 
pulse  is  grossly  and  continuously  irregular,  the  arteries  are  thickened.  Venotis  reservoirs,  <fcc. 
The  veins  are  verj'  prominent  and  pulsate  forcibly  ;  the  liver  is  enlarged  and  pulsates  ;  dropsy 
of  the  legs  and  sacrum  are  present  ;    she  has  a  very  large  ascitic  collection.      Kidneys.     The 
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lirine  is  of  liifih  colour  nnd  sp.  p-.  ;    small  in  quantity  and  contains  alliunicn.      Lnntjs.     General 
bronchitic  signs  are  heard  o\er  the  thorax  ;   and  there  are  signs  of  pleural  effusions  at  both  bases. 

Course  The  patient  ileveloped  a  sudden  attack  of  regular  tachj-eardia  on  the  27th,  the 
heart  rate  rising  to  180-200  per  minute.  The  cyanosis  increased,  and  the  respirations  became 
still  more  laboured  but  maintained  their  regularity  (rate  3S  ])cr  minute)  The  blood  was  examined 
during  the  attack,  from  which  she  failed  to  reco\-er.      Death  occxured  on  the  30th  of  .April. 

Post  mortrm.     (1..5. 13.) 

General  dropsy,  effusions  into  both  pleural  cavities  and  much  a.scites,  are  present.  The 
hivf/n  are  n>dematous  and  congested.  The  heart  and  vessels  weigh  460  grammes  (muscle  of  R.V. 
flS',")  ;  of  L.V.  ITiS,  and  of  septum  S.^io  grammes).  The  aortic  valves  are  thickened  and  incompetent 
through  an  orifice  of  16  scj.  mm.  ;  the  mitral  orifice  is  stenosed  (orifice  220  sq.  mm.)  ;  the  tricu.spid 
ring  is  dilated.  Minute  vegetations  are  fo\md  on  the  pulmonary  valve.  The  left  auricle  is  greatly 
dilated  and  h\pertrophied.  The  aorta  and  large  vessels  are  atheromato\is.  The  kidneys  weigh 
255  grammes  ;  the  capsules  strip  leaving  finely  granular  surfaces.  The  cortices  are  perhaps 
a  trifle  narrow  ;  in  several  places  they  are  deeply  scarred.  Microscopically  the  kidneys  show 
little  change  apart  from  congestion,  and  fibrosis  at  the  points  of  scarring.  The  liver  and  spleen 
are  congested. 

CASE   12.     {Special  control.) 

A  case  of  high  blood  pressure,  with  signs  of  arterial  disease,  enlargement  of  the  heart  and 
liver  and  some  signs  of  renal  involvement.  He  was  examined,  while  convalescent  from  an 
attack  of  haemoptysis  and  dyspnoea  in  which  Cheyne  Stokes  breathing  appeared,  a.s  a  special 
control. 

J.  J.,  a  man  of  56  years,  was  admitted  to  University  College  Ho.spital  on  May  the  13th.  1913. 
Two  days  before  he  became  suddenly  dyspnoeic.  coughed  and  spat  up  blood.  Since,  he  has  had 
palpitation,  and  breathlessness  with  slight  exertion.  Apart  from  "  influenza  "  many  years  ago 
lie  gives  no  history  of  former  illness.  He  has  smoked  excessively,  but  has  taken  alcohol  in 
moderation. 

Condition  (13.5.13).  A  thick-set  plethoric  subject,  he  is  a  little  cyanosed  and  orthopnoeic 
and  has  well-defined  Che\iie- Stokes  breathing  ;  the  respiratory  rate  during  the  hyperpnceic 
period  is  32.  The  heart  is  enlarged  (limits  from  mid-line  H  and  o}^  inches).  Systolic  murmurs 
are  heard  at  the  apex  and  o\er  the  aortic  cartilage.  The  shock  is  a  little  increased  over  the  left 
side  of  the  precordium.  The  heart's  mechanism  is  normal  ;  rate  88  per  minute  (electrocardio- 
grams). Arterial  system.  The  pulse  is  full,  the  blood  pressure  180-200  mm.  Hg..  The  arteries 
are  tortuous  and  thickened.  The  i-enciis  resen'oirs,  ttc.  The  veins  are  full  and  pulsate  freely  ; 
the  liver,  the  edge  of  which  is  hard,  is  felt  a  little  above  the  umbilicus.  The  kidneys.  The  urine 
flow  is  from  900-2,750  c.c.  per  diem  ;  it  contains  albumen,  granular  and  epithelial  casts.  He  has 
no  retinitis.     The  liings.     Rhonchi  are  present  over  the  whole  chest. 

Course.  On  admission  he  was  bled  freely  and  purged.  The  breathing  lost  its  periodicity 
on  the  16th,  and  respiration  became  much  freer.  Some  cyanosis  remained  in  lips  and  tongue 
on  the  18th.  B\'  the  20th  the  respiration  was  almost  natural,  being  almost  quite  regular  at  19 
per  minute.  On  this  day  some  reserve  was  shown  ;  the  breath  could  be  held  for  1 8  seeonils  without 
discomfort  and  deep  breathing  was  followed  by  a  period  of  apntea  ;  but  even  at  such  times  no 
periodicity  was  observed.      He  was  discharged  from  hospital  on  this  day. 

CASE   13.     {Cardiac  dyspntra.) 

A  case  of  cardiac  and  arterial  disease,  with  some  signs  of  renal  involvement,  admitted  with 
symptoms  of  circulatory  failure  and  respiratory  embarrassment.  Special  examinations  were 
made  during  the  convalescent  period  and  when  the  breathing  was  free  while  the  patient  rested. 
No  undue  acidosis  was  found  ;  the  absence  of  respiratory  reserve  was  attributable  to 
accumulation  of  CO      resulting  from  the  circulatory  condition. 

T.  C.,  a  manservant  of  49  .\ears,  was  admitted  to  University  College  Hospital  on  Januarj' 
the  31st,  1913,  with  signs  of  cardiac  failure. 

History  (31.1.13).  The  past  history  .speaks  only  of  numerous  attacks  of  "influenza." 
He  has  suffered  from  heart  disease  for  four  ^ears  and  has  been  under  observation  for  two  years. 
Breathlessness  has  been  the  irominent  symptom  throughout  ;  it  is  always  present  in  some  degree 
while  he  is  up  and  about,  and  from  time  to  time  becomes  aggra\ated  and  is  associated  with 
palpitation,  blueness  and  swelling  of  the  feet.  He  is  a  sufferer  from  chronic  bronchitis  and 
emphysema. 

Condition  (31.1.13).  A  spare  subject,  who  is  very  cyanosed  and  orthopnoeic.  The  chest 
is  barrel  shaped  and  rather  rigid.  The  breathing  is  laboured  and  rapid  and  somewhat  irregular. 
The  heart  is  enlarged  (limits  of  dulness  from  mid-line  1  inch  and  4J  inches) ;  there  aie  no  murmurs. 
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He  exhibits  paroxysms  of  tachyeanlia  (wliicli  electrocardiograms  show  to  originate  in  a  new 
auricular  focus)  ;  dui-ing  tile  paroxysms  the  rat*  is  160  ;  while  the  mechanism  is  normal,  the 
rate  is  90,  and  alternation  is  often  discovered  after  extrasystoles.  Arterial  syntem.  The  pulse 
is  feeble;  the  blood  pressiu-e  varies  between  150  and  130  mm.  Hg..  The  art<>rial  walls  are 
thickened.  Veiwiii  rrscrvoirs.  The  veins  are  very  full  and  pulsate  forcibly  ;  the  liver  is  enlarged 
and  pulsatile.  Dropsy  is  present  in  the  feet.  Kidneyn.  The  lu^iue  varies  in  quantity,  being 
usually  about  1,000  c.c.  a  day  and  on  one  occasion  reaching  3,600  c.c  A  trace  of  albumen  is 
present  from  time  to  time.  The  retinje  are  normal.  Lungs.  There  are  signs  of  generalised 
bronchitis  and  emphysema. 

Course.  During  a  stay  of  foiu-teen  weeks  his  improvement  was  slow,  but  at  the  time  special 
examinations  were  made  (21.4.13).  he  was  convalescent.  His  condition  at  that  time  may  be 
judged  from  the  tables.  Cheyne-Stokes  breathing  was  never  seen.  The  most  important 
incident  of  his  ilhiess  was  a  series  of  fits  of  brief  duration,  and  occiuring  on  March  the  13th 
and  14th.  These  were  accompanied  bv  loss  of  consciousness  and  a  rise  of  blood  pressure  to 
ISO  umi.  Hg.. 

CASE  14.     {Cardiac  dyspnoea.) 

A  case  of  choreic  heart  disease  (mitral  stenosis,  &c.).  admitted  with  signs  of  grave  circulatory 
failure  and  respiratory  embarra-ssment.  Special  examinations  were  made  when  the  patient  had 
improved  a  little,  but  while  the  signs  of  failure  were  still  prominent ;  no  imdue  acidosis  was  found  ; 
the  dyspnoea  was  attributable  to  accumulation  of  CO.,  resulting  from  the  circulatorj-  condition. 

E.  M.,  a  married  woman  of  29  years,  was  admitted  to  University  College  Hospital,  suffering 
from  old  standing  symptoms  of  cardiac  failure. 

History  (April,  1913).  She  had  St.  Vitus"  dance  at  the  age  of  6  years.  .\t  IS  she  easily 
became  short  of  breath  when  exerting  herself  and  about  the  same  time  the  legs  and  abdomen 
became  swollen.  These  symptoms  have  been  present,  sometimes  more  and  sometimes  less,  ever 
since.  She  has  been  in  ho.spital  on  several  occasions.  The  present  aggravation  of  the  symptoms 
is  of  14  days  diu-ation  ;    blood-stained  sputum  and  vomiting  have  been  present. 

Condition  (April,  1913).  The  patient  is  orthopnoeic  and  the  skin  is  urobilin  stained. 
Cyanosis  is  verj-  deep.  The  breathing  is  very  laboiu-ed.  rapid  and  irregular.  The  heart  is  greatly 
enlarged  (limits  of  dulness  2  and  7  inches  from  the  mid-line).  There  are  evident  signs  of  mitral 
stenosis,  with  fibrillation  of  the  aiu-icles  and  an  irregular  ventricular  action  at  120-140  per  minute. 
The  arterial  system.  The  arteries  seem  normal ;  the  pulse  is  continuously  irregular  and  feeble  ; 
the  blood  pressure  (most  forcible  beats)  varies  between  90  and  100  mm.  Hg..  Venous  reservoirs. 
The  veins  "are  fully  distended  and  pulsate  forcibly.  The  liver  has  swollen  below  the  umbilicus, 
and  pulsates.  Kidneys.  The  urine  flow  is  reduced  ;  the  urine  is  of  high  colour  (sp.  gr.  1.026-3S), 
and  contains  albumen  and  a  little  blood.  Casts  are  not  found.  Lungs.  Crepitations  are  heard 
all  over  the  chest. 

Course.  The  patient  was  treated  upon  digitalis  and  had  improved  to  some  extent  when  the 
special  observations  were  made.     Her  condition  at  this  time  may  be  judged  from  the  tables. 

CASE  15.     {Cardiac  dyspncea.) 

A  case  of  rheumatic  heart  disea.se.  admitted  with  sigixs  of  circulatorj-  failure  and  respiratory 
embarrassment.  Special  examinations  were  made  during  the  convalescent  period  and  when 
there  was  but  little  breathles&ness.      No  undue  acidosis  was  found. 

W.  C,  a  cardriver  of  44  years,  was  admitted  to  University  College  Hospital  in  May,  1913, 
for  symptoms  of  cardiac  failiu'e. 

History  (May,  1913).  He  had  rheumatic  fever  at  the  age  of  12  years.  He  has  drunk 
immocleratel,v  but  has  been  steady  for  five  years.  For  five  weeks  shortness  of  breath  on  exertion, 
palintation  and  pain  in  the  epigastrium  haxe  been  present. 

Condition  (May.  1913).  The  patient  is  orthopnoeic  and  moderately  cyanosed.  The 
breathing  is  rapid  and  laboiu'cd.  The  heart  is  enlarged  (limits  of  dulness  1  and  4J  inches  from  the 
mid-line).  There  is  a  systolic  apical  murnuir  and  gallop  rhythm  is  present.  He  has  fibrillation 
of  the  aiu'ieles,  the  ventricles  responding  rapidl.\'  (rate  130).  The  arteries  are  thickened  ;  the 
systolic  blood  pressiu'e  (most  forcible  beats)  varies  from  160  to  190  mm.  Hg..  The  veins  are 
engorged,  the  liver  greatly  enlarged  snd  pul.satile  ;  he  has  some  cedema  of  the  feet.  Kidneys. 
The  urine-flow  varies  from  500-1.400  c.c.  per  diem  ;  it  contains  a  cloud  of  albumen  but  no  casts. 
Luiujs.     Rales  and  rhonchi  are  heard  all  over  the  whole  chest. 

Course.  The  patient  was  treateil  with  digitalis  and  improved  greatly  ;  the  fibrillation 
continuing  but  the  pulse  rate  falling  and  the  signs  of  stasis  clearing.  His  condition  at  the  time 
of  the  special  examinations  may  be  judged  from  the  tables. 


92  T .  L . ,  ./ .  n  .  R . .  r .  w . .  T .  r .  A  y  p  .7 .  J] . 

CASE   IG.     {Coniro/.) 

11.  H.,  ,1  carpet  salcsnian,  aged  45,  was  admitted  to  University  Colle;4i'  Hospital  on  May  tlie 
2'.)th,  1!)13,  complaining  of  wasting,  night  sweating  and  feelings  of  nausea  and  sickness  in  the 
morning.  At  the  age  of  12  he  had  had  rheumatic  fever  and  chorea,  at  20  he  had  suffered  from 
sciatica  and  lumbago. 

Condition  (O.fi.  13).  At  the  time  of  observation,  as  he  lies  in  bed.  he  has  no  symptoms. 
His  colour  is  high  and  he  has  sli;.'ht  cyanosis  of  the  lips,  cheeks,  ears  and  fingers.*  The  pulse 
rate  is  8S  ;  the  radial  and  Ijrachcal  arteries  are  a  little  tortuous  and  show  some  thickening.  The 
blood  pressure  is  134  mm  Hg..  The  lieart  seems  normal.  Respiratory  rate  17  per  minute; 
the  breathing  is  ))erfectly  free.     The  urine  is  normal. 

CASE   17.       {Conlrol.) 

R.  G..  a  caretaker,  aged  .")0,  was  admitted  to  University  College  Hospital  with  symptoms 
of  acute  appendicitis  on  May  the  24th.  1913.  He  was  explored  and  a  small  abscess  and  an  adherent 
appendix  were  found ;  the  latter  wa.s  removed  and  the  wound  drained.  By  June  tlie  7th,  the 
wound  had  almost  closed,  by  the  12th  it  had  completely  healed. 

Condition  (11.0.13).  A  powerfully  built  man.  There  is  a  very  slight  tinge  of  cyanosis 
of  the  lips,  but  none  of  the  tongue,  cheeks  or  ears  ;  it  is  no  more  than  is  seen  in  many  apparently 
healthy  men  of  this  age.  The  heart  shows  no  abnorinality.  The  pulse  rate  is  78.  resjiirations 
regular  at  24  per  minute  and  perfectly  free.  The  mine  is  normal.  There  is  a  moderate  grade 
of  arterial  thickening. 

CASE  18..     (Control.) 

Wm.  S.,  a  warehou.se  porter  of  61  years,  was  admitted  to  University  College  Hospital  for 
the  treatment  of  a  rectal  fistula.  His  operation  wa.s  upon  June  the  4th,  1913.  The  observations 
were  made  upon  June  the  20th,  during  convalescence. 

Condition  (20.G.13).  At  this  time,  the  pulse  rate  was  62,  the  heart  .showed  no  abnormal 
sign.s.  The  respiration  was  regular  and  free  at  IGper  minute,  with  plenty  of  reserve.  The  arteries 
seem  normal :  the  urine  is  normal.  Colour,  a  mere  trace  of  cyanosis  of  the  lips,  but  none  of  the 
cheeks,  ears  or  finaers. 

CxiSE  19.  {Control.) 

S.  C;.,  a  married  woman,  aged  .54.  admitted  to  University  College  Hospital  for  a  fracture 
of  the  patella,  which  was  treated  by  wiring.     She  was  convalescent  at  the  time  of  observation. 

Condition  (18.6.13).  Respiration  free,  regular,  with  full  reserve  ;  rate  18  per  minute.  Pulse 
58  per  minute.  Heart  normal.  Urine  normal.  The  colour  of  the  lips  not  ininatural  for  a  woman 
of  her  age  ;  they  show  a  little  blueness  (very  slight  cyanosis).  The  tongiie  is  similarly  coloured. 
Ears,  cheeks  and  finger  tips  are  of  normal  colour. 


*  It  may  be  remarked  that  certain  of  our  simple  controls  are  described  as  having  slight 
cyanosis.  It  is  always  difficult  to  estimate  the  degree  of  cyanosis  in  a  given  case  ;  and  for  purposes 
of  comparison  we  take  as  our  standard  the  pink  coloration  of  children  :  the  majority  of  elderly 
subjects  exhibit,  when  judged  by  this  standard,  a  sUght  amount  of  cyanosis. 
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PARdXYSMAr.      lACHVCARDIA     AND     THE     EFFECT     OF 
STIMULATION    OF   THE    XAULS    XERN'ES    BY    PRESSURE. 

r>Y    ALFRED    E.    COHX    and    FRANCIS    R.    ERASER. 

{Fiuin  the    Hodiiilal  of  the    Huckr/eller    Iitdtitule  fur  Medical   Reseurch, 

New  York). 

Fkw  cases  of  paroxysms  of  tachycardia,  due  to  iuipulses  arising  iu  the  walls 
of  the  ventricles,  have  been  reported.  So  far,  only  one  patient  suffering  from 
prolonged  paroxysms  of  this  nature  has  been  observed.  This  case  was 
described  by  Lew  is. i**  Three  cases  exhibiting  short  paroxysms  have  been 
studied,  two  by  Lewis," '*■"  ^^f  and  one  by  Hart,^  who  have  published 
electrocardiographic  curves  illustrating  the  conditions  found  in  them.  Otiier 
cases  also  subject  to  short  paroxj^sms  have  been  reported  by  Ken  Kure,'* 
Lea."  Palfreyi5  and  Pan,i6  but  none  of  these  reports  is  accompanied  by 
electrocardiograms,  and  an  exact  classification  of  them  is  therefore  impossible. 
In  the  present  report,  another  instance  of  paroxysmal  tachycardia  is  described 
and  electrocardiograms  shown,  in  which  both  prolonged  paroxysms,  and 
sometimes  short  ones,  possiblj-  of  ventricular  origin  occurred.  In  any  case, 
it  differs  from  those  already  reported.  In  contrast  to  this  case,  one  in  which 
the  origin  of  the  paroxysms  of  tachycardia  arose  in  the  auricles,  is  described. 
In  addition  to  the  interest  in  the  nature  of  the  cardiac  mechanism  in  each 
case,  both  afford  added  interest  on  account  of  the  observed  effects  of 
stimulation  of  the  vagi  by  pressure. 

Pressure  on  the  vagus  nerves,  as  a  method  of  influencing  the  rate  of  the 
heart,  is  well  known  and  has  been  practised  as  a  diagnostic  and  a  therapeutic 
procedure  by  many  observers.  In  the  belief  that  paroxysmal  tachycardia 
had  a  relation  to  the  inhibitory  nervous  mechanism  of  the  heart,  clinicians 
have,  in  many  instances,  attempted  to  bring  the  attacks  to  an  end  by  pressure 
on  the  vagus.  Such  attempts  have  been  reported  by  Bensen,i  Hay,^ 
Hoffmann, 6*  "  Ken  Kure,**  Lewis, H'^-  i^  Preisendorff,"  Schott.-"  ^Veidner-l 
and  Wenckebach.--  and  stoppage  of  the  paroxj'sms  was  obtained  by  Bensen, 
Hoffmann,  Preisendorff.  ^\'eidner  and  AVenckebach.  But  the  number  of 
failures  is  apparent  and  has  led  to  a  general  distrust  of  this  method.  Lew  is  ^-t 
saj-s.  in  fact,  "  Yagal  excitation  has  also  been  adopted  as  a  means  of  checking 
paroxysms  of  tachycardia,  and  met  with  conspicuous  success  in  Bensen  s 
case  :  but,  as  a  general  rule,  it  is  of  no  avail."  But  distrust  of  the  method 
has  been  due  not  onlj-  to  its  a^jparent  failures,  but  to  the  fact  that  other 

*  Loc.  cit.,  p.  170  mid  Fig.  135. 
t  Loc.  cit.,  p.  1U8  and  Fig.  132. 
X  Loc.  cit.,  p.  259. 
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measures  succeeded  where  it  failed  and  indicated  a  lack  of  specificity  in  the 
procedure.  These  other  measures  include  enforced  vomiting,  comjiressing 
the  abdomen,  either  by  direct  pressure  or  by  bending  at  the  hips,  .swallowing, 
deep  breathing,  psychic  disturbance,  &c.  Most  of  these  procedures  are 
capable  of  influencing  a  reflex  arc,  the  efferent  limb  of  which  starts  at  the 
cardio-inhibitory  centre.  The  failure  of  vagus  pressure,  when  one  of  the 
other  measures  succeeds,  may  be  due  to  the  fact  that  the  one  succeeds  in 
stimulating  the  inhibitor}-  mechanism,  ^^■hilc  the  other  fails.  Most  observers 
have  reported  2)ressing  only  one  vagus  nerve  and  have  failed  to  state  in  most 
instances  which  one  was  pressed.  In  a  few  instances,  both  nerves  were 
tried   without   success. ^^ 

In  recent  jears,  more  detailed  investigations  have  w  idened  the  know  ledge 
of  paroxysmal  tachycardia,  showing  it  to  result  from  disturbances  of  the 
heart's  action,  multiform  in  nature.  The  attacks  are  now  known  to  result 
from  impulses  originating  in  different  portions  of  the  heart,  and  the  hearts 
subject  to  them  do  not  beat  under  normal  controlhng  influences.  The 
paroxj'sms  in  a  given  case,  with  very  few  exceptions,  present  the  same 
mechanism  in  all  attacks,  and  suggest  that  the  same  abnormal  factor  underlies 
the  derangement  which  the  morbid  mechanism  discloses. 

The  association  in  a  number  of  patients  between  certain  abnormal 
cardiac  mechanisms  and  defects  in  the  inhibitor}-  control  in  their  hearts 
led  one  of  us^  to  investigate  what  difference,  if  any,  existed  in  the  mechanism 
of  the  two  vagus  nerves.  A  similar  investigation  was  undertaken  by  Robinson 
and  Draper^**  in  patients,  in  whom  the  results  of  pressing  the  two  vagus 
nerves  were  compared.  The  results  obtained  by  them  showed  distinct 
differences  between  the  two  nerves  in  some  of  the  patients  studied,  but 
further  studies  have  failed  to  show  that  these  differences  can  be  usually 
eUcited.  In  the  experiments  of  one  of  us,*  which  were  carried  out  on  dogs, 
simpler  conditions  were  obtained,  and  then  quite  characteristic  differences 
between  the  action  of  the  two  nerves  were  observed.  These  results  were 
substantiated  later  by  Robinson."  The  action  of  the  right  vagus  nerve 
was  shown  to  be  the  one  commonly  accepted  as  that  illustrating  the  action 
of  the  vagus  nerves  in  general ;  stimulation  of  its  peripheral  stump  (the  left 
nerve  being  cut)  stopped  the  whole  heart.  Stimulation  of  the  left  nerve 
(the  right  one  being  cut)  slowed  but  did  not  stop  the  auricles  and  produced 
increased  difficulty  in  the  propagation  of  impulses  from  auricles  to  ventricles, 
so  that  various  degrees  of  heart  block  resulted,  ranging  from  delay  in 
conduction  to  complete  dissociation. 

This  difference  in  the  action  of  the  two  inhibitor}'  nerves  suggested  the 
study  of  patients  with  paroxysmal  tachycardia,  the  defect  in  w hom  seems  to 
lie  in  their  inhibitory  control.  In  some  of  these  cases  the  attacks  of 
tachycardia  originate  in  the  auricles,  while  in  others  the  ventricles  or  the 
subauricular  tissues  seem  at  fault.  It  is  natural  to  assume  that  a  relation 
may  exist  between  paroxysms  starting  in  the  auricles  and  the  right  vagus 
nerve  which  exerts  its  influence  mainly  on  them,  and  between  paroxysms 
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starting  in  the  ventricles  and  the  left  vagus  nerve,  which  exerts  its  influence 
mainly  on  the  junctional  tissues  and  on  the  ventricles.  The  two  patients 
exhibiting  paroxysmal  tachycardia  now  reported  were  observed  from  the 
point  of  view  of  the  conclusions  arrived  at  in  the  experimental  investigation. 


CASE  I. 

Hiilori/.  D.  T.  is  an  iiisuraiico  agent,  forty-uight  years  of  age.  His  family  liislury  is  good. 
He  had  maliU'ia,  measles  and  mumps  when  young,  and  typhoid  fever  at  five.  Xino  years  ago 
ho  had  aeiite  articular  rheumatism,  which  kept  liim  in  bed  two  months.  Ho  had  no  heart 
involvement.  He  had  no  treatment.  Three  years  ago  he  had  clu'onic  ethmoiditis.  Ho  denies 
having  had  gonorrha'a  or  syphilis.  Ho  has  smoked  excessively  for  many  years  and  has  occa-sionally 
been  a  lieavy  drinker. 

In  December,  lltO'J,  he  complained  of  nervousness,  fatigue,  depression,  abdominal  distension 
and  a  tendency  to  diarrhoea,  and  a  sense  of  oppression  in  the  chest.  He  complained  of  attacks 
of  palpitation  and  also  of  dyspnoea  on  exertion.  The  first  attack  of  palpitation  occurred  in 
the  spring  of  1904,  after  the  attack  of  rheumatism,  but  as  early  as  December,  1899,  the  patient 
felt  thumps  in  his  chest,  resembluig  those  he  feels  when  his  attacks  of  palpitation  terminate. 
After  recovery  from  rheumatism,  after  exerting  himself  violently,  he  became  aware  uf  great 
palpitation  of  the  heart,  which  ceased  quite  abruptly  after  a  time.  In  September,  1912,  the 
patient's  general  condition  was  worse.  He  was  suffering  from  alcoholism,  had  a  tendency  to 
vertical  headache,  and  complained  of  polyuria.     He  had  no  constipation  ;   his  appetite  was  good. 

The  frequency  and  duration  of  the  attacks  may  be  seen  from  the  following  record  : — 


Date. 

Duration. 

Time  of  Day 

Date. 

Diu 

ation. 

Time  of  Day. 

1912 

1912-13 

Apr.  7 

oO  min 

I'.M. 

Sept.   7 

50  min. 

P.M. 

Ai>r.   9 

30    „ 

P.M. 

Sept.  14 

55    „ 

A.M. 

Apr.   22 

Ihr.   —    „ 

I'.M. 

Sept.  25 

1  hr. 

25    „ 

A..M. 

Apr.   28 

5    „ 

I'.M. 

Oct.    1 

4„ 

10    „ 

P.M. 

May  2 

1  „      —    „ 

A.M. 

Oct.    2 

5  ,, 

30    „ 

— 

May  2 

50    „ 

r.M. 

Oct.    29 

1  „ 

30    „ 

P.M. 

May  S 

3  „      oO    „ 

I'.M. 

Nov.    8 

40    „ 

P.M. 

May   19 

1  „      50    „ 

I'.M. 

Nov.   12 

55    „ 

P.M. 

June  2 

40    „ 

.\.M. 

Nov.    15 

2 

3    „ 

A.M. 

June  2S 

5    .. 

r.M. 

Nov.   21 

48    „ 

P..M. 

July  8 

1  „      25    „ 

.\.M. 

Nov.   24 

2 

y  „ 

r..M. 

July  U 

10    „ 

A.M. 

Nov.   28 

5    >, 

P.M. 

July   IS 

1  „      10    „ 

I'.M. 

Nov.   29 

35    „ 

P.M. 

Aug.   11 

5    „ 

A.M. 

Dec.   10 

20    „ 

P.M. 

Aug.    12 

5    .. 

P.M. 

Dec.    15 

35    „ 

P.M. 

Aug.    15 

15    „ 

P.M. 

Dec.    10 

1„ 

15    „ 

P., VI. 

Aug.   28 

50    „ 

P.M. 

Dec.    17 

1„ 

30    „ 

P.M. 

Aug.   29 

1  „        3    „ 

P.M. 

Jan.   8 

15    „ 

P.M. 
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Jt  ajiprars.  llicn,  that  two  to  st-veu  ])arox,vsiiis  octurrod  in  a  month  ;  UMiiilly  tlii'cc  or  four. 
Thi-  intiTvals  lietwotMi  them  were  irregular,  anil  their  duration  varied  from  live  minutes  to  iivo 
and  one-half  hours.      No  prech.sposing  cause  for  them  eould  bo  ascertained. 

Tlie  patient  has  indeHuite  premonitory  signs  hefore  the  onset  of  some  of  the  attacks. 
Sometimes  lie  has  aljnormal  sensations  at  the  sternal  notch  as  of  contraction — not  throbhing, 
l>ut  an  occasional  thump.  He  has  felt  this  sensation  for  three  days  before  u  ))aro.\ysm.  but, 
on  the  other  hand,  it  need  not  be  followed  by  one.  .\t  other  times  he  has  a  sensation  of  soreness, 
not  ot  ]iain.  in  the  region  of  the  left  mamma.  When  a  jiaroxysm  is  as.sociated  with  it,  this 
sensation  is  likely  to  persist.  Although  these  ])remonitions  exist,  they  bear  no  mnarying  relation 
to  the  paroxisms.  'J"he  onset  of  the  i)arox.\'sms  is  always  abruiit.  The  attack  is  characterised 
by  a  feelhig  of  anxiety,  of  pal])itation  and  slight  dyspna-a.  He  is  flatulent  and  expels  quantities 
of  gas.     The  jnilsc  rate  is  170  to  ISO. 

After  the  termination  of  a  paroxy.sni,  which  is  always  sudden,  the  patient  describes  a  number 
of  abnormal  .symptoms,  such  as  the  feeling  at  the  sternal  notch  and  the  mannnary  soreness, 
which  ha\e  been  mentioned.  Besides,  pain  just  under  the  gladiolus  of  the  sternum  may  be 
jiresent  when  he  lies  on  his  back,  but  disapjjears  when  he  turns  to  either  side.  Increase  in 
urination  both  diu'ing  and  after  attacks  occiu-s. 

Physical  examination.  He  was  rather  obese.*  The  area  of  cardiac-  dulness  extentled 
17  em.  to  the  left  and  4  cm.  to  the  right  of  the  midsterniun.  The  second  aortic  soiuul  was 
accentuated.  A  soft  s_\stolie  mm-mur  was  heard  occasionally  at  the  apex  and  also  at  the  bas»' 
of  the  heart.  The  abdomen  was  fat  and  distended.  The  liver  was  not  felt.  There  was  no 
tedenia.  The  m'inc  was  normal.  (Systolic  blood  ])ressure  was  100  mm.  Hg..  The  average 
sy.stolic  blood  pressure  ill  I'.tlO  (fourteen  estimations!  was  157  mm.  (on  July  the  27th,  11110, 
during  an  attack,  the  pressure  was  HO  mm.,  immediately  afterward,  135  nun.),  in  1011  (.six 
estiniations)  188  nun.,  in  1912.  (six  estimations)  211  mm..  "  On  September  the  4th,  1!)12,  it  was 
noticed  that  the  arteries  had  become  definitely-  thicker  and  harder  since  the  earlier  examinations. 
The  mine  (-ontained  a  trace  of  albumin  and  some  h.\  aline  and  graiuilar  casts.  It  was  supposed 
that  chronic  nephritis  was  present.  A  gastric  analysis  was  made  and  the  stomach  contents 
fuimd  to  be  normal. 

On  Dccemhcr  the  ITtli,  111  12,  tlif  ])atk'iit  iircsentfd  liimsellat  tlit-  hospital 
ill  a  paroxysm.  He  described  his  sensation  as  being  one  of  fear,  and  said  that 
an  abnormal  feeling  was  present  in  the  ujjper  part  of  his  chest  in  front.  In 
spite  of  the  sensation  of  thoracic  jnessiire,  he  had  no  dyspnoea.  He  felt 
"  uncertain,"  but  had  talked  to  the  hospital  in  relative  comfort.  Electro- 
cardiograms \\ere  made  during  the  paroxysm.  Then  an  effort  was  made 
to  stop  the  paroxysm  by  pressure  on  the  vagus  nerve.  Digital  pressure  on 
the  left  vagus  nerve  was  made  several  times  without  effect  ;  pressure  on  the 
right  vagus  nerve  succeeded  in  arresting  the  attack  after  two  seconds.  The 
patient  was  immediately  aware  uf  the  change  and  his  .symptoms  left  him  at 
once.  He  knew  from  the  tlium])iiig  sensation  that  terminated  the  parox3'siii 
that  a  return  of  the  attack  was  not  to  be  expected,  and,  in  fact,  it  did  not 
recur. 

An  examination  of  tlic  heart  after  the  paroxysm  showed  the  right  border 
to  be  1-5  cm.  from  the  midsternal  line  and  the  left  border  12  cm,  from  the 
median  line  in  the  fifth  space.  The  sounds  at  tiic  apex  were  distant.  The 
second  sound  was  accentuated.  At  the  base  the  second  sound  at  the  aortic 
area  was  accentuated.  The  liver  A\as  not  felt.  There  was  no  oedema.  The 
systolic  blood  pressure  was  182  mm.  Hg.,  the  diastolic  125  (auscultatory 
method).  Bending  at  the  waist  several  times  caused  an  adventitious  sound 
to  appear  at  the  apex  after  the  first  sound.  There  was  doubt  as  to  whether 
this  sound  was  a  reduplication  or  a  systolic  uiuniiui-.  Three  to  five  minutes 
later  it  was  gone. 

*  We  are  indebted  to  Ur.  Tasker  Howard  for  these  notes. 
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On  January  the  Sth,  l!il3.  the  patient  reported  that  he  had  l)een  seized 
witli  an  attack  the  night  before.  He  finished  what  he  was  doing  and  then 
went  to  He  on  his  bed.  Then  lie  pressed  his  right  vagus  nerve  at  the  same 
spot  \\here  pressure  liad  been  exerted  b}-  us,  and  found  that  the  paroxysms 
terminated  with  the  same  subjective  symptoms  as  before.  On  January  the 
21st,  1913,  he  was  examined  again  in  a  paroxysm  exactly  Uke  that  described  ; 
left  vagus  pressure  failed  twice. but  right  vagus  pressure  succeeded  immediately 
in  stopping  the  paroxysm.  On  January  the  2Sth,  1913,  he  came  again  to 
the  hospital  in  an  attack  ;  on  this  occasion,  the  only  one  in  which  it 
succeeded,  pressure  on  the  left  vagus  nerve  terminated  the  attack.  The 
mechanism  attending  this  stojiping  of  the  paroxj^sm  differed  from  that 
observed  on  the  several  occasions  when  the  paroxysm  was  stopped  by 
pressure  on  the  right  side.  But  it  was  not  only  vagus  pressure  that  was 
effectual  in  stoiDping  the  paroxj'sms,  for  on  two  occasions  (April  the  Dth  and 
November  the  15th,  lfll2)  one  or  several  deep  respiratory  movements 
succeeded  in  producing  the  same  result.  Xo  difference  between  the  two 
nerves  was  found  to  exist  on  pressure,  when  the  rate  and  mechanism  of  the 
heart  was  normal.  The  conduction  time  was  not  lengthened  by  pressure 
on  either  side. 

An  examination  of  the  curves  made  both  during  the  tachycardial  and 
during  the  normal  periods  on  December  the  17th  and  26th,  1912,  and  on 
January  the  21st  and  28th,  1913,  shows  a  fair  degree  of  constancy.  The 
nature  of  the  paroxysms  remained  unaltered.  Except  for  minor  differences, 
to  be  pointed  out.  the  outhne  of  the  complexes  in  each  lead  at  the  normal 
rate  (Fig.  1)  and  in  the  paroxysms  (Fig.  2)  show  very  close  similarity 
(Table  l). 
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In  the  first  lead  of  the  normal  period,  the  R  waves  are  tall,  the  S  waves 
deep  and  wide,  and  the  T  waves  tall  and  broad  ;    in  the  second  lead,  the  R 
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waves  are  short  and  the  upstrokes  slow,  the  S  waves  aro  short,  but  are  si)ht 
into  deflections  directed  downwards,  and  the  T  waves  are  prominent  and 
broad  ;  in  the  third  lead,  the  R  waves  are  small,  the  S  waves  deep  and  the 
returning  upstrokes  ascend  higher  than  the  R  waves,  their  summits  being 
split  in  two,  and  the  T  waves  are  broad  and  directed  downward. 

This  description  of  the  complexes  in  the  normal  period  may  serve  as  well 
for  the  paroxysmal  period,  with  two  exceptions.  First,  in  the  normal  period 
the  time  from  the  beginning  of  R  to  the  end  of  T  is  0-37  seconds,  and  in  the 
jiaroxysm,  0-28  seconds.  The  duration  of  the  cycle  is  obviously  contracted 
and  the  contraction  takes  place  especially,  so  far  as  one  may  judge  from  the 
loads  /  and  ///,  between  the  end  of  S  and  the  beginning  of  T,  and  T  itself 
also  occupies  less  time.  Second,  an  alteration  is  seen  in  the  outline  of  the 
T  wave  in  the  second  and  third  leads  during  the  paroxysmal  period.  In  the 
second  lead  this  occurs  in  the  upstroke  of  the  wave,  which  is  alirupt  and 
steep.  In  the  third  lead,  at  the  bottom  of  the  T  wave  the  round  normal 
outline  is  interrupted  by  a  small  notch.  The  abrupt  rise  in  the  second  lead 
of  the  paroxysmal  curve  and  the  notch  just  mentioned  in  the  third  lead, 
occur  0- 15  seconds  before  the  R  wave  in  the  corresponding  lead.  No  analogue 
to  these  abnormalities  is  identified  in  the  first  lead.  These  alterations  in  the 
paroxysmal  curves  are  interpreted  to  represent  the  incidence  of  the  P  wave. 
A  final  slight  difference  between  the  normal  and  parox3-smal  curves  is  found 
in  the  first  lead.  Normally  the  bottom  of  the  S  wave  is  a  rounded  curve,  but 
in  the  paroxysms,  in  a  number  of  the  cycles,  one  can  detect  three  downwardly 
directed  flections  which  deform  the  wave. 

The  appearance  of  the  P  waves  at  an  interval  of  01 5  seconds  before 
the  R  waves  is  possible.  The  rhythm  then  is  one  of  auriculo-ventricular 
sequence.  This  interpretation  gains  support  from  the  identity  between  the 
general  outline  of  the  curves  in  the  slow  and  the  fast  period. 
That  the  P  waves  represent  an  abnormal  site  in  the  auricular  wall  as  the 
source  of  stimuli  for  the  paroxysms  is  likely,  for  its  shajDe,  so  far  as  it  can  be 
determined,  bears  no  similarity  to  that  of  the  normal  P  waves.  The  fact 
that  the  auriculo-ventricular  conduction  time  is  reduced  from  019  to  015 
seconds  indicates,  unless  the  property  of  conduction  is  improved  during  the 
paroxysm,  that  the  abnormal  site  is  at  a  level  physiologically  lower  in  the 
wall  of  the  auricle. 

Sto2)page  of  a  paroxj'sm  by  right  vagus  pressure  was  recorded  (Fig.  3)  on 
December  the  17th,  1912,  and  on  January  the  21st,  1913,  and  by  left  vagus 
pressure  (Fig.  4)  on  January  the  28th.  Left  vagus  pressure,  as  has  been 
mentioned,  failed  on  several  (at  least  three)  occasions  when  right  vagus 
pressure  succeeded  ;  in  fact,  left  vagus  jiressure  succeeded  only  on  one 
occasion.  The  paroxysms  stopped  1-6  seconds  after  the  right  vagus  ner\'e 
was  comi^ressed.  The  post-paroxysmal  pause  was  one  second  and  the 
conduction  time  in  the  first  normal  cycle  was  0-16.  The  rate  gradually 
increased  to  81-9  and  the  conduction  time  to  0- 18  seconds.  It  will  be  observed 
that  no  irregularities  or  atypical  contractions  were  present.     Atyjncal  beats 
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have,  in  fact,  not  been  seen  at  any  transition  time  during  wliieh  this  patient 
w as  observed  except  when  a  parox3-sm  «as  terminated  by  left  vagus  pressure. 
On  this  occasion,  the  paroxysm  ceased  1-8  seconds  after  the  left  vagus  nerve 
was  compressed.  In  the  curve  a  jiause  of  0-7  seconds  follows,  during  which 
three  small  movements  of  the  string  are  seen,  and  then  another  ventricular 
beat  occurs,  e\idently  of  the  same  nature  as  those  belonging  to  the  paroxysm. 
A  contraction  arising  in  the  wall  of  the  left  ventricle  is  seen  0-3  seconds  later, 
and  then  follows,  after  0-6  seconds,  a  wave  representing  an  auricular  beat, 
which  is  blocked,  and  not  until  0-8  seconds  later  does  the  normal  rhythm 
begin  again.  But  the  second  beat  of  the  normal  rhythm  is  followed  by  a 
pause  about  equal  to  the  duration  of  two  of  the  first  normal  cj'cle,  the  pause 
appearing  to  result  from  sino-auricular  block.  The  total  time  consumed 
between  the  beginning  of  vagus  pressure  and  the  beginning  of  orderly 
contractions  is  four  seconds.  In  this  period,  then,  there  occurred  an  ectopic 
contraction  arising  in  the  wall  of  the  left  ventricle,  a  blocked  auricular  beat 
and  apparently  a  blocked  sinus  impulse. 

CASE  -1. 

History.  A.  J.  \V.  is  a  publisher,*  forty-tliree  years  of  age.  He  is  married  and  has  had 
line  child,  who  died  at  the  age  of  eleven  months.  He  had  diphtheria  in  childliood,  small-pox 
at  the  age  of  thirteen,  malaria  at  fourteen,  and  is  said  to  have  had  syphilis  at  nineteen.  He 
was  untreated  at  the  time.  The  Wassermaun  reaction  of  the  blood  was  made  recently  and  was 
found  to  be  negative.  He  lias  never  had  sore  throat  nor  acute  articular  rheumatism.  He  had 
muscular  rheumatism  seven  or  eight  years  ago  and  was  in  bed  with  it  for  tliree  weeks.  He  had 
pneviraonia  two  \ears  ago.  during  the  course  of  which  he  had  a  persistent  paroxysm  of  tachycardia. 
He  has  had  palpitation  on  and  off  for  twenty  years.  The  se\erity  and  duration  of  these  attacks 
varj-.  He  has  had  attacks  of  paroxysmal  tachycardia  during  the  past  five  years.  These  attacks 
sometimes  persist  for  weeks,  or  at  least  for  long  periods  of  time,  but  may  be  as  short  as  a  few 
seconds.  \\'hen  he  is  having  short  attacks,  they  may  occur  with  great  frequency  during  the  day, 
and  at  night.  The  patient  has  no  premonition  of  the  onset  of  these  attacks.  He  experiences 
palpitation,  but  has  no  pain  or  dyspnoea.  He  knows  a  paroxjsm  has  ended  when  the  palpitations 
cease.  Sometimes  at  night  he  tliinks  he  has  averted  attacks  of  palpitation  by  applying  an  icebag. 
He  can  usually  terminate  one  temporarily  by  one  or  several  deep  breaths.  However,  the  attack 
often  reciu"s.     Although  conscious  of  the  paroxysms,  he  is  able  to  exert  liimself. 

His  appetite  is  good  but  capricious.  There  are  periods  when  he  indulges  in  only  one  variety 
of  food.  VVhen  tired  of  this,  he  changes  his  diet.  He  takes  fairly  large  quantities  of  sweets. 
He  drinks  one  cup  of  cofiee  a  day,  but  no  tea.  He  smokes  about  twenty  cigarettes  and  three 
cigars  a  day,  and  takes  an  occa.sional  drink.     He  is  not  constipated. 

The  patient  was  treated  for  several  years  for  sj-philis.  He  took  mercury  injections  every 
five  or  si.v  days,  to  relieve  and  reduce  the  number  of  attacks  of  tachycardia.  The  treatment 
succeeded  for  a  time,  but  the  attacks  returned.  Four  years  ago  he  took  increasing  doses  of 
potassimn  iodide,  three  to  twenty-five  drops  tlu-ee  times  a  day.  During  that  time  he  was  free 
from  attacks  of  tachycardia  for  six  months.  But  the  paroxysms  returned,  and  efforts  to  relieve 
them  again  with  this  drug  have  failed.  This  winter  (1912-1913)  he  took  three  or  foiu-  digipuratuni 
tablets  a  day  and  tliinks  that  they  have  helped  him.  He  also  took  magnesium  sulphate  every  day. 
He  stopped  smoking  for  three  weeks,  but  found  that  he  was  not  improving,  so  he  resumed  it. 
The  treatment  with  Epsom  salts  continued.  He  has  been  freer  from  paroxysms  than  for  some 
time  past,  but  he  does  have  a  number  of  short  attacks  each  day.  He  has  been  under  considerable 
nervous  strain  and  has  led  an  irregtilar  life. 

Physical  examination.  The  patient  is  well  nourished  and  his  colour  is  good.  His  face  is 
pockmarked.  The  skin  is  otherwise  normal.  The  pupils  are  moderately  contracted,  central  and 
equal;  they  react  fairly  promptly  to  light.  The  tongue  is  clean.  The  Imigs  are  normal.  Cardiac 
dulness  extends  on  the  right  side  3-4,  4-5  and  5-2  cm.  from   the  median  line  in  the  second,  third 

*  We  are  indebted  to  Dr.  Evan  E\"aiis  for  the  opportunity  of  studying  and  reporting  the 
findings  in  this  patient. 
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and  fourth  spaces  ;  and  on  tlic  left  side  in  the  same  spaces  8",  12U  and  lai  em.  The  heart  is, 
therefore,  somewhat  enlarged.  At  the  apex  tliere  are  no  murmurs,  but  tlie  sounds  are  faint. 
At  the  base  both  sounds  are  accentuated,  and  there  is  a  slight  systolic  murmur.  Pulses  are 
regular  and  the  expansion  is  good.  The  liver  and  spleen  are  not  felt.  The  abdomen  is  slightly 
adipose.     Knee  jerks  are  active. 

The  patient  was  examined  twice  and  on  both  occasions  electrocardiograms 
were  taken.  On  the  first  examination,  paroxysms  were  continuously  jjpcsent 
during  a  period  of  about  two  hours,  but  deep  breaths  always  succeeding 
in  stopping  them  temporarily.  Records  of  the  change  were  easily  obtained. 
An  effort  to  terminate  paroxj'sms  by  vagus  pressure  was  also  made.  It 
was  possible  to  accomplish  this  by  digital  pressure  of  both  vagus  nerves,  but 
there  was  a  conspicuous  diflerence  in  the  behaviour  of  the  two.  The  very 
lightest  pressure  on  the  left  side  sufficed  to  stop  an  attack,  but  on  the  right 
firm  pressure  was  required.  On  this  occasion  he  probably  had  a  long 
paroxysm,  which  yielded  temjiorarily  to  each  of  the  measures  we  employed. 

The  second  time  he  was  examined  (April  the  24th,  1913)  similar  records 
were  obtained.  It  was  imijossible  to  test  the  effect  of  pressure  on  the  vagi 
during  paroxysms  then,  because  these  ceased  permanently  as  the  result  of  the 
respiratory  efforts,  which  were  tried  first.  But  digital  pressure  during  the 
slow  period  showed  a  difference  between  the  two  nerves  ;  pressure  on  the 
right  side  was  c^uite  without  effect,  while  on  the  left  side  stoppage  of  the 
heart  for  a  short  time  and  subsequent  slowing  were  easily  obtained. 

A  comjiarison  of  the  outline  of  the  curves  made  on  January  the  10th, 
1913,  with  those  made  on  April  the  24th,  1913,  shows  them  to  be  identical  on 
the  two  dates  in  all  three  leads,  for  the  paroxj-sms  and  also  for  the  slow- 
periods.  The  rate  of  the  contractions  in  the  paroxj'sm  at  the  time  of  the 
first  examination  was  178- 1,  and  at  the  second  192-7,  and  in  the  slow  period 
93-9  and  94-6.  A  comparison,  lead  by  lead,  of  the  curves  taken  during  an 
attack  (Fig.  6)  with  those  taken  when  the  heart  was  beating  at  a  normal 
rate  (Fig.  5),  shows  that  the  shape  of  the  ventricular  complexes  has  undergone 
a  change.  In  the  first  lead  in  the  paroxysm  (Table  II)  the  B  waves  are 
relatively  tall  (6  mm.)  and  have  a  notch  in  the  upstroke,  the  i?  waves  are 
relatively  small  (2  mm.)  and  the  T  waves  are  inverted  and  also  small  (1  mm.) 
In  the  slow  period  a  distinct  change  is  apparent  ;  the  R  waves  are  small 
(2  mm.)  and  have  a  notch  in  the  downstroke,  the  S  waves  are  large  (4  mm.) 
and  the  T  waves  are  ui^wardly  directed  and  are  well  developed  (2  mm.). 
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In  the  second  lead  in  the  paroxysmal  ))eriod  the  R  waves  are  tall  (13 
mm.)  and  iiave  a  sliarj)  rise,  there  are  no  identitiable  <S  waves,  and  there  are 
negative  T  waves  (2  mm.).  In  the  slow  period  the  R  waves  are  smaller  and 
the  upstrokes  in  the  first  half  have  a  very  slow  ascent  ;  there  are  small  <S 
waves  (1  mm.)  and  positive  or  possibly  diphasic  T  waves  (2  mm.).  In  the 
third  lead  in  the  paroxysm,  the  R  waves  are  relatively  tall  (6  mm.)  and  hav^e 
a  sharp  ujistroke  and  a  notch  in  the  first  part  of  the  downstroke,  the  S  waves 
are  not  identified,  and  the  T  waves  are  either  diphasic  or  directed  upward 
(2  mm.).  In  the  slow  period  the  R  waves  are  taller  (!)  mm.),  have  a  very 
slow  ascent  in  the  first  half  of  the  upstroke  and  a  sharp  downstroke.  no  .S' 
waves  are  seen,  and  the  T  waves  are  prominent  and  directed  do\^nward 
(3  mm.).  The  curves  obtained  during  a  paroxysm  fail  to  show  the  presence 
of  waves  which ^an,  with  any  degree  of  certainty,  be  identified  as  P  waves, 
to  represent  auricular  contractions. 

It  will  be  seen  from  this  comparison  that  the  outline  of  the  ventricular 
complexes  during  the  paroxysms  and  during  the  slow  periods  differs.  When 
the  complexes  during  the  slow  period  and  during  the  paroxysm  are  identical, 
one  does  not  hesitate,  as  in  the  first  case,  to  attribute  the  origin  of  the 
]iaroxysm  to  a  supraventricular  site.  'Wlien  the  outline  of  the  complexes 
in  the  paroxysm  differs  from  that  in  the  slow  periods,  as  in  the  second  case, 
one  must  hesitate  in  assigning  a  cause  for  the  change.  We  are  still  unable 
at  the  present  time  to  decide  definitely  in  all  but  a  few  cases  on  the  exact 
site  of  the  origin  of  a  jiaroxysm.  There  is  reason  to  think  on  the  basis  of  the 
evidence  suggested  by  Lewis^^  *  ^'*  that  changes  of  some  extent  may  be 
produced  in  the  curves  of  a  paroxysm  by  the  rate  of  the  stimuli.  In  view 
of  these  facts,  even  though  fairly  distinct  differences  between  normal  and 
paroxysmal  curves  exist,  one  cannot  be  certain  whether  we  are  dealing 
with  a  supraventricular  or  ventricular  origin  for  the  paroxysms.  For  these 
reasons,  we  hesitate  to  decide  definitely  on  the  site  of  origin  of  the  paroxysms. 
Some  other  considerations  seem,  however,  to  indicate  an  infra-auricular 
origin  for  the  attacks  in  our  case,  such  as  the  occurrence  of  premature 
contractions  in  the  ventricles,  denoting  an  increased  irritability  in  them. 

It  has  already  been  stated  that  the  patient  could  interrupt  a  paroxysm 
by  a  deep  breath,  or  bj^  several  \\hen  more  than  one  was  recjuired.  These 
efforts  sometimes  succeeded,  but  at  the  end  of  a  siiort  period  of  normal  beats 
a  paroxysm  recurred.  Electrocardiograms  of  three  such  interruptions  are 
reproduced  (Fig.  7),  one  taken  by  the  first  and  the  other  by  the  second  lead. 
Apart  from  the  stojjjjage  and  subsequent  slowing  of  the  whole  heart  which 
occurred,  the  curves  of  each  lead  also  show  the  differences  already  described 
between  the  electrocardiograms  representing  the  paroxysmal  and  the  slow- 
periods.  The  onset  of  a  paroxysm  is  well  shown  in  Fig.  8.  A  premature 
beat  arising  in  the  wall  of  the  right  ventricle  is  seen,  and  thereupon  follow 
the  beats  of  tiie  paroxysm.        The  shajie  of  the  paroxysmal  licats  differs 

*  Luc.  cit.,  p    180 
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from  that  of  the  premature  contraction,  so  that  while  the  premature  beat 
ma\-  have  initiated  the  ])aroxysni.  the  paroxysmal  beats  are  not  due  to 
impulses  arising  at  the  same  point.  The  paroxysmal  complexes  are  uniform 
and  always  the  same,  from  paroxysm  to  paroxysm,  just  as  in  most  instances 
of  the  disorder  (Harris's'*  excepted).  They  bear  no  similarity  to  either  of 
the  premature  ectopic  beats  (Fig.  7c  and  Fig.  8)  observed  in  this  patient. 

Vagus  pressure  was  successful  in  stopping  paroxysms  in  this  case,  as  has 
been  stated.  It  wa.<  difficult  to  do  so  by  })ressing  on  the  right  side,  but  it  was 
verj-  easily  accom]ilished  by  pressing  on  the  left.  Unfortunately,  no  records 
were  obtained  Avhen  the  right  vagus  nerve  was  compressed.  When  the  left 
vagus  was  tried,  the  paroxysms  came  to  an  end  in  the  same  way  as  they  did 
\\hen  the  patient  breathed  deepl)-.     No  abnormal  beats  were  seen. 


Remarks. 

In  the  first  case,  the  iJaroxysm  was  of  supraventricular  or  auricular 
origin  and  yielded  easily  with  no  derangement  in  mechanism  to  right  vagus 
compression,  but  usually  did  not  \aeld  when  the  left  vagus  was  employed. 
And  on  the  one  occasion  when  left  vagus  pressure  succeeded,  the  way 
in  which  the  paroxysm  came  to  an  end  was  distinctly  unusual.  The 
second  case  was  of  doubtful,  possibly  of  ventricular  origin.  The  facility 
with  which  the  paroxj'sms  «ere  stopped  by  left  vagus  pressure  was  in 
striking  contrast  with  the  difficulty  experienced  by  pressing  on  the  right  side. 
It  must,  however,  be  stated  that  pressure  on  the  right  side  accomplished  its 
work  much  more  easih'  in  this  patient  than  pressure  on  the  left  side 
accomplished  it  in  the  auricular  case. 

A  number  of  subjects  are  suggested  for  further  study  by  these  obser- 
vations. Vagus  pressures  should  be  tried  in  all  the  cases  of  jsaroxj'smal 
tachycardia,  and  the  attempt  should  not  be  confined  to  one  side  only  ; 
success  might  follow  compression  of  the  opposite  nerve.  Observations 
of  a  number  of  cases  embracing  electrocardiographic  study  of  the  mechanism 
of  the  paroxysm,  correlated  with  the  studj-  of  its  nerve  control,  are 
recjuired  before  one  can  assign  a  successful  stoppage  as  due  to  the 
specific  effect  of  pressing  one  or  the  other  vagus  nerve. 


8LM.MARY. 

Two  cases  of  paroxysmal  tachycardia  are  reported.  One  case  is  of 
auricular  origin,  and  the  results  of  pressure  over  the  vagi  indicate  that  the 
paroxysms  are  controlled  by  pressure  especially  over  the  right  vagus.  The 
other  case  is  of  doubtful,  possibly  ventricular,  origin  and  the  paroxysms  are 
controlled  by  pressure  especially  over  the  left  vagus. 
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Fig.  1-4.  Four  electrocardioaraphic  curves  from  ii  case  of  paroxjsmal  tachycardia,  of  auricular 
origin.  lu  each  scries  of  three  em-ves.  tlie  upper  one  is  taken  from  Lead  /,  the  second  from 
Lead  II,  the  lower  one  from  Lead  ///.  1  lie  lime  is  marked  in  0-2  .seconds.  The  ten.sion 
of  tlie  string  wa-s  so  arranged  that  1  cm.  eipialk'd  1/1,000  volts.  Fig.  1  shows  the  normal 
mechanism.  Fig.  2  shows  a  portion  of  a  paroxysm  of  tachycardia.  Fig.  3 — Lead  is  taken 
during  right  vagus  pressm-e.      Fig.  4 — Lead  is  taken  dm-ing  left  \  agus  pressm-c. 
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Fig.  5-6.  Four  electrocardiographic  curves  from  a  cass  of  paroxysmal  tachycardia  of  doubtful, 
possibly  ventricular,  origin.  Leads,  time  marker  and  standardisation  of  the  string  as  Fig.  1-4. 
Fig.  5  shows  the  normal  mechanism.     Fig.  (5  shows  a  portion  of  a  paroxysm. 

Fig.   7.     Fig.  7  shows  three  examples  of  the  cessation  of  paroxysms  during  deep  breathing  : — 

(a)  Lead   I. 

(6)  Lead   //. 

(c)  Lead   ///.     The  first  beat  of  the  normal  rhythm  is  followed  by  a  premature  contraction. 

Fig.  8.  Fig.  8  shows  the  beginning  of  a  paroxysm  after  a  premature  beat.  It  is  continuous 
with  Fig.  7  (c). 
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REVERSAL    OF    THE    CARDIAC    MECHANISM.^ 

By  HORATIO   B.   WILLIAMS  and  HENRY  JAMES. 

( From  (he    Department  of  Physiology  of  Columbia    University,  College  of 

Physicians  and  Surgeo7is,   New  York.) 

For  a  little  more  than  a  year  we  have  had  under  observation  a  patient 
whose  cardiac  mechanism  is  most  unusual ;  in  fact,  so  far  as  we  have  been 
able  to  learn,  it  seems  to  be  unique.  We  propose  to  give  a  brief  account  of 
our  clinical  observations  together  with  some  experimental  data  which  bear 
on  the  interpretation  of  the  chnical  findings. 

Clinical  history. 

H.  ^I.,  51  years  of  age,  dock  labourer,  came  under  observation  at  the 
Vanderbilt  CUnic  on  July  the  loth,  1912.  He  stated  that  he  had  been  well 
until  three  months  before  admission  to  the  clinic,  but  subsequently  it  was 
learned  that  he  had  had  a  persistent  diarrhoea  for  a  j-ear  with  three  or  four 
watery  stools  a  day.  Until  the  onset  of  symptoms  he  had  been  a  heavy 
drinker.  He  denies  lues  and  gonorrhoea.  During  the  three  months  before 
admission  and  subsequently,  he  has  suffered  from  attacks  of  dizziness  of 
increasing  severity.  In  one  of  these  attacks  he  fainted  and  fell  in  the  street. 
Muscular  effort  increases  his  giddiness,  he  has  a  good  deal  of  headache,  is 
very  drowsy  and  is  annoyed  by  tingling  of  the  hands  and  feet. 

Clinical  observations. 

The  patient  is  a  well  developed,  fairly  well  nourished  man.  The  skin 
and  mucous  membranes  have  a  peculiar  pallor.  Lungs,  abdomen  and 
extremities  present  no  abnormality.  The  heart  is  not  enlarged.  The 
sounds  are  faint,  but  clear.  Xo  murmurs  are  heard.  A  third  sound  has 
been  distinctly  audible  at  times  and  has  been  graphically  recorded.  A 
faint  low-pitched  sjstolic  murmur  is  e^■ident  in  the  sound  record,  but  the 
diastolic  interval  is  clear.  The  pulse  is  regular,  forty  beats  per  minute. 
The  peripheral  arteries  are  not  perceptibly  thickened.  Systohc  blood 
pressure  varies  between  95  and  110  mm.  Hg.  The  diastolic  pressure  is 
usually  about  65  mm.  Blood  and  urine  are  normal.  Stools  contain  no  ova 
or  parasites,  but  the  amount  of  mucus  is  moderately  increased.  The 
Wassermann  reaction  is  negative. 

The  symptom  complex  and  slow  pulse  are  suggestive  of  heart  block. 
Figs.  2,  3  and  i  are  the  electrocardiograms  of  this  patient.  It  is  evident 
at    a   glance   that   they   bear   no    resemblance   whatever  to    the   famihar 
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galvanometric  picture  of  heart  block.     On  cursory  examination,  lead  /  gives 
the  impression  of  being  a  series  of  typical  ventricular  complexes  without 
evidence  of  any  auricular  action  current.     If  we  take  this  view,  leads  // 
and  ///  would  be  regarded  as  successions  of  somewhat  anomalous  ventricular 
complexes.     If   this   view   is   correct,   two   interpretations   are   possible   as 
regards  the  condition  of  the  auricles  :    either  they  have  altogether  ceased 
to  beat,  or  they  are  beating  at  such    a    time  that  their  action  current  is 
completely  submerged  in  that  of  the  ventricles.     Certain  peculiarities  of  the 
curves  in  leads  //  and  ///,  however,  seem  to  speak  against  the  view  that 
they  consist  entirely  of  anomalous  ventricular  complexes.     The  trend  of  the 
deflection  of  the  shadow  following  the  peak  R  is  precisely  that  of  the  usual 
wave  T  up  to  the  time  that  a  small  sharp  downward  deflection  occurs.   It 
is  this  small  downward  deflection  that  gives  the  curve  its  peculiar  character. 
Following  the  completion  of  the  anomalous  part  of  the  curve,  its  trend 
again  follows  the  usual  course  of  a  T  wave  so  that  one  can  scarcely  escape 
the  conclusion  that  the  activity  of  the  ventricles  has  been  in  no  way  unusual, 
but  that  the  anomaly  has  been  produced  by  the  simultaneous  impression 
upon   the  string  of  an  electrical  force  originating  elsewhere   than  in  the 
ventricles.     The  absence  of  the  P  wave  from  its  usual  situation  suggests  the 
possibiHty  that   this  anomalous  deflection  wliich  interrupts  the  otherwise 
smooth  course   of  the   ventricular  action  current   may    be    the   auricular 
electrogram.     The  time  of  its  occurrence,  about  •  1 8  second  after  the  beginning 
of  the  ventricular  electrogram*  is  further  suggestive,  since  this  is  practicallj' 
identical  with  the  normal  conduction  time  between  auricles  and  ventricles. 
If,  however,  the  auricles  begin  their  activity  -18  second  after  the  beginning 
of  ventricular  contraction,  some  e\-idence  of  their  action  current  should  be 
discernible  in  lead  /.      In  leads  //  and  ///  the  small  inverted  waves  have 
nearly  the  same  ampUtude,  and  according  to  Einthoven's  subtraction  rule 
we  should  not  expect  the  corresjionding  wave  in  lead   I  to  be  large.     On 
examining  closely  the  curves  of  lead  7,  small  but  definite  oscillations  can  be 
distinguished,  beginning  about  -18  second  after  the  beginning  of  the  ventricular 
curve.     These  oscillations  are  fairly  constant  from  cj'cle  to  cycle  and  can 
be  seen  especially  well  with  the  help  of  a  lens. 

The  above  interpretation  of  the  anomalous  part  of  the  curve  would 
receive  material  support  from  any  e%idence  which  might  be  adduced  to  prove 
that  the  auricles  actually  contract.  Such  evidence  we  have  been  able  to 
secure  by  direct  examination  with  X-rays  and  the  fluoroscope.  If  one  uses 
a  powerful  tube  and  places  the  jjatient  at  a  distance  of  about  two  meters 
in  front  of  the  tube  in  close  contact  with  the  fluoroscope,  the  lack  of  sharpness 
at  the  edges  of  the  shadows  is  largely  avoided.  The  procedure  is  similar 
to  that  commonly  employed  in  orthodiagraphy.  It  is  desirable  that  the 
observer  remain  in  the  completely  darkened  room  for  a  sufficient  length  of 

*  This  time  varies  somewhat  and  is  shorter  in  lead  ///.     Comparison  of  the  heights  of  R 
in  the  three  leads  suggests  considerable  phase  difference. 
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time  to  permit  the  retime  to  become  adapted  to  darkness.  The  outline  of 
the  contracting  auricle  can  be  sliarply  distinguished  in  nearly  every  case. 
In  the  case  under  discussion  the  contractions  of  the  auricle  could  be  dis- 
tinctly seen.  It  is  not  possible  to  determine  the  relative  time  of  contraction 
of  auricles  and  ventricles  with  any  considerable  degree  of  accuracy  by  this 
method.  The  observations  can  best  be  made  on  the  right  margin  of  the 
right  auricle  and  the  left  margin  of  the  left  ventricle,  and  these  edges  are 
too  far  apart  to  be  observed  bj^  one  person  witliout  changing  the  point  of 
fixation. 

The  view  that  the  ventricular  complexes  in  this  case  are  typical  curves, 
distorted  by  the  occurrence  of  an  unusual  P.  receives  further  support  from 
the  record  shown  in  the  accompanying  figure  (Fig.  1).     Here  in  the  third  and 


.Abscissa,  1  division  =  "04  second. 
Ordinate,  1  division  =  10"^  volt. 

Fig.    1. — The  conduction  time  is  unusually  long,  compare  Fig.  3. 

fourth  complexes,  conduction  seems  to  liave  failed.  Except  for  the  absence 
of  the  small  downward  deflection,  the  last  two  complexes  differ  but  slightly 
from  the  first  two.  We  have  other  records  which  show^  occasional  isolated 
complexes  in  which  the  small  downward  deflection  is  absent. 

In  discussing  this  case  at  the  laboratory  we  have  found  it  convenient 
to  define  a  property  of  heart  muscle  which  appears  to  be  generally  recognized, 
though  it  seems  thus  far  to  have  escaped  a  specific  nomenclature.  It  is  a 
familiar  fact  that  when  the  physiological  connection  between  auricles  and 
ventricles  is  interrupted  the  chambers  beat  at  different  rates.  The  rate  of 
the  auricles  remains  about  the  same  as  before,  that  of  the  ventricles  becomes 
much  slower.  Vie  beUeve  the  facts  justify  the  assumption  that  the  tendency 
to  beat  at  the  slower  rate  is  always  present  in  the  ventricles.  We  wish  to 
distinguish  clearly  between  the  tendency  to  beat  at  some  particular  rate  and 
the  actual  rate  of  beat.  The  latter  may  be  the  result  of  control  exercised 
by  another  chamber  whose  inherent  tendency  is  different.  This  property 
of  heart  muscle  bears  considerable  analogy  to  the  familiar  natural  vibration 
period  of  physical  bodies.  Suppose  a  short  pendulum  with  a  heavy  bob 
connected  by  a  horizontal  Unk  bar  to  a  long  pendulum  which  has  a  hght  bob. 
When  the  system  is  set  in  motion  the  short  pendulum  oscillates  at  its  natural 
period  since  its  bob  is  supjioscd  to  be  so  heavy  in  comparison  with  the  other 
that  its  momentum  shall  control  the  system.     The  long  pendulum  executes 
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forced  oscillations  at  the  same  rate  as  the  short  one  ;  that  is  the  long  pendulum 
swings  at  a  rate  faster  than  its  natural  period.  If  the  connecting  bar  is 
removed,  both  swing  at  their  natural  periods,  the  long  one  slower  than  the 
short  one.  The  particular  rate  at  which  a  pendulum  tends  to  oscillate  is 
what  is  called  its  natural  period.  To  denote  the  tendency  of  a  chamber  of 
the  heart  to  contract  at  a  particular  rate,  possibly  at  a  rate  quite  difierent 
from  the  actual  rate  of  beat,  we  have  no  single  term.  We  suggest  that  the 
word  "  period  "  used  in  a  sense  analogous  to  the  physical  expression  "  natural 
period  "  may  be  found  convenient  to  designate  this  tendency. 

When  complete  heart  block  occurs  in  man  the  ventricular  rate  is  usually 
in  the  neighbourhood  of  thirty  per  minute,  sometimes  a  little  faster  and 
sometimes  slower.  Presumably  the  ventricles  always  have  the  tendency  to 
beat  at  approximately  this  rate  ;  this  is  their  period.  The  customary  heart 
rate  of  something  like  seventy  beats  per  minute  is,  so  far  as  the  ventricles 
are  concerned,  a  forced  rate  and  depends  on  the  period  of  the  auricles. 
The  period  of  the  auricles  may  be  affected  in  various  ways,  notably  by 
influences  emanating  from  the  vagus.  Changes  in  the  auricular  period 
generally  aifect  the  rate  of  the  entire  heart.  The  period  of  the  ventricles 
may  fluctuate  over  a  considerable  range  without  affecting  the  heart  rate. 
When  the  ventricular  period  is  higher  than  that  of  the  auricles  the  ventricles 
may  be  expected  to  control  the  rate  of  the  heart  provided  that  the  ventricular 
impulses  can  pass  back\\ard  to  the  auricles. 

During  the  last  few  months,  accompanying  an  improvement  in  the 
patient's  general  condition,  an  increasing  tendency  toward  return  to  a  normal 
cardiac  mechanism  has  been  observed.  This  is  in  striking  contrast  to  the 
constancy  of  the  reversed  mechanism  shown  during  the  early  months.  The 
records  shown  in  Fig.  5  and  6  were  taken  in  succession  within  a  few 
minutes  of  each  other.  Some  of  the  peculiarities  of  these  two  successive 
records  of  the  same  lead  would  be  difficult  to  understand  without  keeping 
in  mind  the  notion  of  an  independent  period  in  auricles  and  ventricles. 
In  Fig.  G  the  mechanism  is  reversed,  the  ventricles  are  in  control.  The  rate 
of  the  heart  so  determined  is  constant  within  -03  or  -04  second.  In  Fig.  5 
the  auricles  are  in  control  and  conduction  takes  place  in  the  usual  direction. 
It  is  of  interest  to  note  that  the  P-R  interval  is  almost  precisely  the  same 
as  the  R-P  interv^al  of  the  reversed  mechanism.  Reversed  conduction  is 
usually  held  to  be  more  difficult  and  to  rerpiire  more  time  than  direct.  Here 
it  seems  to  occur  at  the  same  rate  in  either  direction.  The  heart  rate  when 
the  auricles  are  in  control  is  seen  from  Fig.  5  to  be  much  less  constant  than 
in  the  reversed  condition.  A  maximum  variation  of  -12  second  occurs  in 
this  record.  As  might  have  been  expected  the  average  rate  is  more  rapid 
than  when  reversed,  though  not  much  more  rapid.  The  practical  constancy 
of  the  ventricular  period  and  the  variability  of  that  of  the  auricles  suggests 
that  a  lowering  of  the  auricular  period  may  be  responsible  for  the  reversal 
of  the  mechanism.  As  possible  causes  for  such  a  lowering  of  period  one 
might  think  of  a  lesion  of  the  auricle  or  of  interference  with  its  blood  supply, 
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or  of  nervous  or  toxic  disturbances.  The  etiological  relationshij)  of  an 
anatomical  lesion  to  reversal  of  the  mechanism  of  the  heart  can  be  only  a 
matter  of  pure  surmise  until  such  a  case  shall  have  been  studied  not  alone 
in  the  clinic  but  in  the  deadhouse.  If  the  condition  were  of  nervous  origin 
it  would  seem  probable  that  it  would  be  found  to  depend  on  abnormally 
powerful  vagus  control.  It  is  well  known  that  vagus  control  can  be 
diminished  or  abolished  by  administration  of  atrojiin.  During  the  second 
week  that  the  patient  was  under  observation,  atropin  was  administered  in 
full  physiological  doses.  It  was  given  by  mouth  for  three  days  and  on 
the  third  day  additional  atropin  was  given  subcutaneously  at  the  laboratory. 
Despite  the  fact  that  the  usual  effects  of  atropin  Mere  well  marked,  there 
was  no  change  at  all  in  the  rate  or  mechanism  of  the  heart  and  electrocardio- 
grams taken  at  this  time  were  identical  with  those  taken  before  atropin 
was  given.  We  have  no  evidence  which  points  toward  a  toxic  origin 
of  the  disturbance,  but  pending  the  determination  of  the  presence  or 
absence  of  lesions  in  the  case  it  may  be  well  to  bear  in  mind  the  chemical 
possibihties. 

So  far  as  we  are  aware  no  case  of  bradycardia  exactly  comparable 
with  the  one  above  described  has  been  reported.  It  seems  altogether 
probable,  however,  that  the  condition  has  occurred  before,  as  it  might 
easily  have  escaped  differentiation  from  other  bradycardias  unless  investigated 
by  some  of  the  more  recent  graphic  methods.  We  find  in  the  clinical 
hterature  two  references  to  reversal  of  conduction  in  the  heart.  Both  are  of 
recent  date.  Xorrie  and  Bastedo^  have  reported  a  case  of  heart  block  in 
which,  following  digitaUs  medication,  the  puLse  during  short  intervals  doubled 
in  frequenc%'.  From  a  polygraphic  tracing  secured  during  one  of  these 
intervals  they  concluded  that  a  reversal  of  the  mechanism  occurred.  The 
condition  was  transient.  Hart^  has  reported  a  case  of  paroxysmal  tachycardia 
in  which  the  tachycardia  seems  to  have  been  determined  by  a  rise  in 
ventricular  period.  The  electrocardiograms  indicate  that  a  reversal  of  the 
mechanism  has  taken  place. 

Experimental  observations. 

In  planning  the  experiments  we  have  not  attempted  to  investigate 
all  of  the  conditions  under  which  reversal  of  conduction  may  take  place, 
nor  have  we  attempted  to  settle  experimentally  the  question  of  chnical 
etiology.  The  latter,  it  seems  to  us,  can  be  accomphshed  only  by  complete 
investigation  of  clinical  material.  However,  as  a  check  upon  conclusions 
drawn  from  chnical  stud}-,  it  seemed  worth  while  to  determine  the  form  of  the 
electrocardiogram  in  experimental  retrograde  conduction.  The  experimental 
procedure  consisted  in  destruction  of  tlie  part  of  the  right  auricle  corresponding 
to  the  region  of  the  sino-auricular  node.  The  destruction  was  usually 
accomphshed  by  crushing,  sometimes  by  excision.  This  procedure  has  been 
extensively  used  with  various  modifications  m  studying  the  function  of  the 
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sino-auricular  node  region  --**:"*  Dogs  were  used  as  the  subjects  of 
experiment.  Ether  ana>stlic.sia  was  maintained  throughout  the  experiments 
and  at  the  end  the  animals  were  killed  with  chloroform.  During  the  period 
of  experimentation  the  animals  were  kept  warm  by  the  application  of  external 
heat,  and  the  mixture  of  air  and  ether  vapour  used  in  artificial  resi)iration 
was  moistened  and  warmed  to  the  temperature  of  the  body.  Conservation 
of  the  animal's  heat  is  of  importance  in  stud3-ing  the  electrocardiogram. 
Without  it  movements  of  the  leg  muscles  are  apt  to  occur,  even  under 
profound  ansesthesia.  Such  movements  introduce  comphcating  action 
currents  which  may  confuse  the  records.  All  the  experiments  were  carried 
out  with  the  heart  in  situ  and  the  circulation  intact. 

In  every  experiment  the  production  of  the  lesion  was  followed  by  a 
slowing  of  the  heart  rate.  In  all  cases  the  auricles  continued  to  beat, 
sometimes  after  momentary  stoppage.  The  most  usual  result  of  the 
operation  was  the  simultaneous  action  of  auricles  and  ventricles.  This 
frequently  gave  place  to  the  auricle-ventricle  sequence.  During  the  time 
that  the  auricles  and  ventricles  beat  simultaneously  no  trace  of  a  P  wave 
can  be  seen  in  the  electrocardiograms.  As  the  auricles  gain  j^recedence  the 
P  wave  seems  to  "  emerge  "  from  the  B  wave  and  gradually  comes  to  he 
further  and  further  in  front  of  R  until  a  normal  P-R  interval  becomes 
established.  After  this  occurs,  despite  destruction  of  the  region  of  the 
sino-auricular  node,  the  electrocardiogram  looks  ver}'  much  like  that  of  a 
normal  dog,  except  that  the  rate  remains  rather  slow.  On  several  occasions 
instead  of  simultaneous  contraction  of  all  chambers,  the  ventricles  preceded 
the  auricles.  Typical  electrocardiograms  from  two  such  exijeriments  are 
shown  in  Fig.  7,  8,  9  and  10.  On  each  of  these  occasions  and  on 
none  of  the  others  the  highly  characteristic  curves  obtained  from  the  patient 
were  reproduced  in  all  their  essential  features  by  the  dogs.^ 

Smn77iary. 

A  patient  with  slow  pulse  and  symptoms  of  Stokes- Adams  disease  has 
been  studied. 

The  condition  is  not  heart  l)lock. 

The  form  of  the  electrocardiograms  is  unique.  The  diastolic  interval 
is  a  smooth  unbroken  Une,  while  the  ventricular  electrocardiogram  is 
distorted  by  the  occurrence  of  P  about  -18  second  after  the  beginning  of  R. 

Investigation  with  X-rays  has  shown  the  auricles  to  be  active. 

The  condition  has  persisted  over  many  months,  latterly  there  have  been 
periods  of  variable  duration  during  ^\■hich  the  heart  rate  has  increased.  At 
such  times  the  electrocardiogram  has  reverted  to  the  ordinary  typical  form. 

Atropin  is  without  effect  on  heart  rate  and  mechanism. 

*  Further  references  to  the  literature  of  this  subject  can  be  found  in  the  articles  cited.  We 
refrain  from  discussion  of  the  hterature  as  it  would  nece.ssnrily  involve  consideration  of  much 
unrelated  matter. 
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When  reversal  of  the  cardiac  mechanism  is  produced  in  dogs  the  form 
of  the  electrocardiograms  resembles  in  all  essential  particulars  the  highly 
characteristic  curves  of  the  patient. 

Conclusion. 

Reversal  of  the  cardiac  mechanism  is  a  clinical  entity,  it  may  persist  for 
a  long  time  and  yields  an  electrocardiogram  whose  form  is  characteristic. 
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Description   of   Figlres. 

In  Fig  2  to  8  inclusive,  the  abscissa  divisions  correspond  to  a  duration  of  '04  second  In 
Fig  9  and  10  the  abscissa  divisions  have  a  value  of  02  second.  The  ordinate  divisions  have  the 
value  10""  volt  in  all  the  records. 

Fig  2,  3  and  4  are  leads  /,  //  and  ///  of  H.  M.  In  addition  to  features  noticed  in  the  text, 
the  prominence  of  the  wave  ti  is  remarkable 

Fig  5  and  6  are  both  lead  //  of  the  patient,  H.  M  ,  taken  within  a  few  minutes  of  each 
other.     Notice  that  peak  iJ  is  higher  with  the  reversed  mechanism. 

Fig  7  to  10  are  experimental  records,  all  are  leads  from  the  right  fore  leg  and  left  hind  leg. 
Fig  7  and  Fig.  8  are  from  the  same  dog.  Fig.  7  a  record  taken  before  crushing  the  sino  auricular 
node  and  Fig  8  one  obtained  inunediately  after  crushing.  In  Fig.  8  an  artefact  caused  by  the 
apparatus  for  artificial  respiration  occurs  at  points  marked  X.  Fig.  9  and  10  are  records 
similarly  obtained  from  another  dog  before  and  after  crushing  the  region  of  the  sino-auricular 
node  To  facilitate  time  measurements  the  plates  were  run  at  double  the  rate  of  those  used  in 
the  preceding  records. 

In  both  sets  of  experimental  records  the  marked  slowing  of  the  heart  rate  after  crushing  the 
sino-auricular  node  is  well  shown  The  height  of  if  in  the  reversed  condition  is  greater  than  in 
the  normal  records,  as  was  also  the  case  in  the  clinical  records. 

Experimental  work  now  in  progress  has  thrown  some  light  on  this  phenomenon,  but  the 
results  are  not  yet  ready  fur  discussion.     In  Fig.  10  a  well-marked  wave  it  can  be  distinguished. 
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EXPERIMENTS   ON   THE   ORIGIN   AND   PROPAGATION   OF   THE 
IMPULSE    IN    THE    HEART. 

By  J.  A.  E.  EYSTER  and  W.  J.  MEEK. 
{From  the  Physiological  Laboratory  of  the    University  of   Wisconsin.) 

THE    POINT     OF    PRIMARY  NEGATIVITY    IN     THE   MAMMALIAN    HEART   AND   THE 
SPREAD    OF    NEGATIVITY    TO    OTHER    REGIONS. 

Introduction. 

The  experimental  work  which  we  have  carried  out  in  this  field  was  undertaken 
in  an  attempt  to  obtain  additional  evidence  regarding  the  place  of  origin 
of  the  cardiac  impulse  in  the  normal  heart, to  find  the  physiological  connections 
of  this  region  with  other  parts  of  the  heart,  to  determine  those  regions  which 
assume  the  function  of  automatieity  when  the  normal  pacemaker  is  removed 
and  to  study  the  influence  of  the  extrinsic  cardiac  nerves  on  the  automatieity 
of  different  regions.  The  results  from  this  work  we  hope  to  report  in  a  series 
of  papers.  In  most  of  this  work  up  to  the  present  time,  we  have  used  the 
galvanometric  method  of  attacking  the  problem,  a  method  previously 
employed  bj'  Wybauw,  by  Lewis,  Oppenheimer  and  Oppenheimer,  and  by 
ourselves  in  work  on  the  heart.  The  fact  that  a  wave  of  relative  electric 
negativity  accompanies  activity  in  nerve  and  muscle  has  been  known  for 
many  j-ears,  and  the  view  that  initial  negativity  is  coincident  in  time  and 
place  with  initial  activity  of  the  living  substance  has  received  abundant 
support,  and,  so  far  as  we  know,  has  never  been  denied. 

Tl  istorical. 

The  discovery  of  the  auriculo-ventricular  node  by  Tawara^^  in  1905, 
and. the  description  by  Keith  and  Flack ^^  a  year  later  of  similar  tissue  lying 
in  the  sulcus  terminalis  of  the  right  auricle  and  forming  the  sinus  node, 
stimulated  a  number  of  experimental  contributions  in  an  attempt  to  determine 
the  physiological  importance  of  the  tissue  forming  these  nodes,  which  differs 
histologically  from  ordinarj'  cardiac  muscle.  The  methods  which  have  been 
employed  in  these  studies  include  (1)  injury  to,  destruction  or  excision  of  the 
sinus  node  (Jaeger,"  Magnus  Alsleben,!*  Hering,"  Cohn,  Kessel  and  Mason,' 
Moorehouse,23)  or  the  action  of  various  influences  upon  it  (Flack, ^  Brandenberg 
and  Hoffmann, 2  Ganter  and  Zahn,»  and  Zalin^s)  ;  (2)  the  determination  of 
comparative  rhythmicity  in  cardiac  strips  containing,  and  those  not 
containing,  nodal  tissue  (Erlanger,^  Moorehouse-^  and  -^) ;  and  (.3)  the  relation 
of  the  sinus  node  to  the  normal  seat  of  the  origin  of  the  cardiac  impulse  as 
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determined  by  galvanometric  curves  or  by  electrocardiograms  (Wybauw,^' 
Lewis, 1®  Lewis,  Oppcnbeimcr  and  Ojjpenbeimeri').  The  experimental 
results,  as  interpreted  by  different  workers,  have  led  to  a  number  of  different 
views  in  reference  to  the  importance  of  the  sinus  node  ;  ( 1 )  that  it  represents 
the  region  in  which  the  cardiac  impulse  normally  arises  (Wybauw,  Lewis, 
Lewis,  Oppenheimer  and  Oppenheimer,  Brandcnberg  and  Hoffmann,  Canter 
and  Zahn)  ;  (2)  that  it  rejjresents  a  region  mainly  concerned  with  the  control 
of  the  extrinsic  cardiac  nerves  (Flack)  ;  (3)  that  the  sinus  node  has  no 
essential  importance  not  shared  by  other  tissue  in  the  regions  surrounding 
the  node  (Jaeger,  Magnus  Alsleben,  Erlanger,  Moorehouse)  ;  (4)  tliat  the  node 
and  connections  represent  a  sensory  mechanism,  essentially  similar  to  the 
muscle  spindles  of  Kiihne  and  Sherrington  and  serving  the  function  of  the 
reception  of  sensory  stimuli  necessary  for  co-ordinated  heart  activity 
(Mackenzie^*).  The  anatomical  researches  of  Koch,i''  Keith  and  Mackenzie, i* 
Mall,^"  and  others,  have  shown  that  the  sinus  node,  auriculo-ventricular 
node  and  associated  structures,  occur  in  the  hearts  of  all  mammalia,  and  to  a 
less  developed  degree  in  amphibia  and  reptiles,  and  are  to  be  regarded  as 
remnants  of  primitive  structures  a\  hich  no  longer  exist  as  such  in  the  adult 
mammalian  heart  (sinus  venosus  and  auricular  canal). 

The  experimental  work  that  A\ill  be  described  in  this  ])aper  was  carried 
out  with  the  aid  of  the  galvanometric  method.  Detailed  reference  will  be 
confined  to  jireceding  work  on  the  mammalian  heart  in  which  this  method 
was  employed.  The  large  hterature  concerning  the  origin  of  the  cardiac 
impulse  and  its  projiagation  over  the  heart  as  studied  by  various  methods 
will  not  be  reviewed  in  detail  at  the  present  time.  References  to  this 
literature  may  be  found  in  the  papers  referred  to  above  or  in  the  recent 
review  of  this  subject  by  Erlanger.^ 

An  attempt  to  locaUse  the  point  of  origin  of  the  heart  beat  in  supra- 
ventricular regions  of  the  heart  by  determination  of  the  region  which  first 
manifests  electrical  negativity  in  the  normal  beating  heart,  was  first  made 
l^y  Wybauw. ^^  Using  the  Einthoven  thread  galvanometer,  he  found  that 
an  area  along  the  veno-auricular  sulcus  (sulcus  terminalis),  corresponding 
to  the  position  of  the  sinus  node  as  described  by  Keith  and  Flack,  manifests 
electric  negativity  in  the  dog's  heart  in  situ  before  the  mouth  of  the  superior 
vena  cava  or  the  right  auricle.  He  found  that  the  negativity  spread  rajiidly 
to  the  right  auricle  and  that  no  sino-auricular  interval,  comparable  to  the 
auriculo-ventricular  interval,  was  jiresent.  Strong  stimulation  of  the  vagus 
abolished  temporarily  the  power  of  the  sinus  node  to  initiate  impulses,  and 
under  these  conditions  the  impulse  arose  in  some  other  region,  but  alwaj^s 
in  the  immediate  neighbourhood  of  the  node.  A  repetition  and  extension 
of  this  work  with  careful  histological  control  was  made  by  Lewis,  Oi)])enheimer 
and  Oppenheimer, '^  who  also  worked  on  the  dog's  heart  in  situ.  Non- 
polarisable  electrodes  were  applied  to  the  surface  of  the  exposed  heart,  and 
in  the  different  experiments  nineteen  different  points  were  compared  as  to 
initial   negativity.     These   places   were   marked   and   afterwards   examined 
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histologically  for  the  presence  or  absence  of  nodal  tissue.  Seven  points 
along  the  sulcus  terminalis,  six  points  on  the  superior  vena  cava,  four  points 
on  the  body  and  appendages  of  the  right  auricle,  and  two  points  on  the 
pulmonary  veins  were  investigated.  The  upper  end  of  the  sinus  node  near 
its  widest  part  was  found  negative  to  all  other  points  on  the  node  and 
elsewhere  in  six  of  seven  experiments.  In  one  experiment  a  point  at  the 
mouth  of  one  of  the  pulmonary  veins  was  negative  before  the  sinus  node, 
^\hile  the  node  was  negative  before  all  remaining  regions. 

Methods. 

The  experiments  which  will  be  reported  in  this  paper  were  all  done  on 
hearts  in  situ.  Ncarlj-  all  the  experiments  were  performed  on  dogs,  the  few 
experiments  on  rabbits  and  cats  are  noted  in  the  descriptions.  The  thorax 
was  opened  under  artificial  respiration  with  ether  anaesthesia,  in  such  a  way 
as  to  obtain  as  good  an  exposure  as  possible  of  the  regions  of  the  heart 
comprising  the  right  auricle  and  entering  veins.  The  air  used  in  artificial 
respiration  was  warmed  by  passing  through  a  heating  coil  and  the  normal 
temperature  of  the  animal  was  maintained  as  far  as  possible  by  this  and  by 
the  use  of  hot  water  bags  applied  to  the  animal.  The  positions  on  the 
surface  of  the  heart  to  which  it  was  desired  to  apph*  electrodes  were  marked 
by  laying  fine  silk  ligatures.  The  electrodes  employed  were  of  the  zinc-zinc 
sulphate  type  and  were  supported  by  adjustable  holders.  From  the  end  of 
each  electrode  a  thread  of  woollen  3-arn  about  one  millimeter  in  diameter 
projected,  and  the  ends  of  these  were  held  by  means  of  the  Hgatures  to  the 
surface  of  the  heart.  The  threads  were  sufiiciently  long  to  permit  free 
movement  with  the  heart,  and  care  was  taken  that  the  contact  with  the 
heart  should  comprise  onl}-  an  area  of  about  the  diameter  of  the  thread.  The 
electrodes  were  connected  through  suitable  apparatus  \nth  a  string  galvano- 
meter of  the  large  electromagnetic  type  (Edelmann  model),  in  which  a 
quartz  fibre  was  used  in  all  experiments.  In  most  cases  the  sensitiveness 
of  the  galvanometer  was  not  determined,  but  this  was  adjusted  until 
satisfactory  records  ^\e^e  obtained.  In  those  cases  where  it  would  seem  to  be 
of  importance  the  sensitiveness  was  determined  by  the  usual  procedure. 
Photographic  records  were  made  on  bromide  paper.  In  all  cases  suspension 
curves  of  the  right  auricle  alone  or  of  the  right  auricle  and  right  ventricle 
were  simultaneous!}'  recorded.  In  some  experiments  these  were  recorded 
on  the  photographic  paper  with  the  galvanometer  curves,  in  others  separate 
records  were  made  on  a  Hiirthle  kymographion.  In  the  latter  an  electro- 
magnetic signal  recorded  on  this  and  on  the  simultaneous  photographic 
record,  so  that  corresponding  points  on  the  two  curves  could  be  identified. 
In  this  way  identical  cycles  were  readilv  determined.  At  the  end  of  the 
experiments  the  electrodes  were  removed,  leaving  the  ligatures  in  place,  the 
hearts  removed  in  toto,  fixed  in  formaUn  and  later  transferred  to  alcohol 
for  the  purpose  of  either  macroscoj^ic  or  microscopic  examination  as  to  the 
position  of  the  electrodes  as  marked  liy  the  hgatures. 
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In  most  experiments  an  electrode  was  applied  to  tlic  lower  portion  of 
the  inter-auricular  se2:)tum  in  the  region  of  the  auriculo- ventricular  node. 
This  was  done  by  passing  a  long  curved  electrode  down  through  the  external 
jugular  vein,  superior  vena  cava  and  right  auricle  and  adjusting  its  position 
until  its  jioint  was  in  contact  with  the  desired  region.  It  was  then  secured 
in  place  by  a  holder.  In  a  few  experiments  electrodes  were  placed,  by  a 
similar  procedure,  in  contact  with  the  inner  or  endocardial  surface  of  the 
sulcus  terminalis  (taenia  terminalis)  or  of  the  right  atrium.  The  point  of 
contact  of  the  electrode  was  determined  at  the  end  of  the  experiment  and 
marked  by  a  ligature. 

The  galvanometric  curves  were  for  the  purpo.se  of  determining  the  region 
wliich  manifested  initial  negativity  and  the  sequence  of  propagation  of 
negativity  to  other  regions.  The  suspension  curves  served  for  accurate 
interpretation  of  the  galvanometer  curves  and  for  the  determination  of  the 
period  and  sequence  of  auriculo-ventricular  conduction  and  its  modification 
under  experimental  procedures.  In  all  experiments  electrocardiograms* 
were  also  made  by  connecting  the  galvanometer  through  suitable  electrodes 
with  the  right  anterior  and  left  posterior  hmbs  (lead  //of  Einthoven). 
These  were  of  importance  in  determining  changes  in  the  P-R  interval  and  in 
indicating  by  their  similarity  to  or  divergence  from  tlie  normal  type  of 
electrocardiogram  whether  the  heart  was  contracting  normally  or  otherwise. 

Determination  of  which  one  of  any  two  points  showed  initial  negativity 
was  made  by  two  methods.  In  some  experiments  only  one  of  these  methods 
was  used,  in  others  both  were  used.  The  first  of  these  two  methods  is  one 
previously  employed  by  Wybauw  and  by  Lewis,  OiDpenheimer  and 
Oppcnheimer  in  mammalian  heart  work,  and  by  ourselves  in  a  study  as  to 
the  origin  and  propagation  of  the  wave  of  negativity  in  the  tortoise  heart. 
It  has  been  extensively  used  in  A\ork  on  skeletal  muscle  and  on  nerve.  It 
consists  in  connecting  the  two  regions  which  are  to  be  compared  through  the 
galvanometer  and  determining  which  first  manifests  negativity  by  the 
direction  of  initial  movement  of  the  galvanometric  curve.  The  direction  of 
movement  where  one  electrode  is  made  negative  to  the  other  is  previously 
determined.  The  second  method  consists  in  the  determination  of  the 
relation  of  onset  of  negativity  in  two  or  more  regions  to  the  onset  of  mechanical 
S3'stole  of  the  auricle.  Electrodes  of  the  usual  type  are  placed  on  the  regions 
to  be  compared  and  connected  through  a  multi-point  contact  switch  with  one 
pole  of  the  galvanometer.  A  large  indifferent  electrode  is  placed  on  some 
part  of  the  body,  usuall}^  on  the  left  posterior  limb  and  connected  directly 
with  the  other  pole  of  the  galvanometer.  A  record  is  then  made  in  which 
each  electrode  on  the  heart  is  connected  in  turn  through  the  switch  and 
galvanometer  with  the  indifferent  electrode  and  the  instant  of  movement 

*  It  seems  advisable  to  confine  the  term  electrocardiogram  to  include  curves  arising  from 
the  sum  of  all  the  action  currents  developed  by  the  heart,  as  obtained  by  leading  off  to  the 
galvanometer  from  body  tissues  outside  the  heart  or  from  two  points  widely  separated  on  the 
heart.  The  curves  obtained  from  two  leads  on  a  single  chamber  show  varying  degrees  of 
resemblance  to  the  electrocardiogram  as  above  defined. 
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of  the  curve  indicating  negativity  of  the  former  compared  with  the  onset  of 
mechanical  sj'stole  of  the  auricle,  as  recorded  on  the  same  record  by  suspension 
or  by  an  electric  signal  actuated  by  the  contracting  auricle.  This  method 
has  the  advantage  over  the  first  method  described  in  that  the  time  interval 
from  the  appearance  of  negati%-ity  in  one  region  to  its  passage  to  another 
may  be  estimated.  The  method  of  initial  negativity  between  two  electrodes 
on  the  heart  has  also  been  used  to  estimate  conduction,  but  is  subject  to 
errors  which  we  beUeve  render  it  valueless  for  this  purpose,  as  will  be  discussed 
later.  The  main  source  of  error  in  the  method  of  comparison  with  auricular 
systole  consists  in  determining  with  exactness  the  onset  of  mechanical  systole, 
common  to  all  graphic  curves  taken  on  a  rapidly  moving  surface  and  also  to 
possible  variation  in  tonus  of  the  auricle,  especially  in  experimental  procedure.* 
Care  was  taken  to  obtain  as  good  suspension  records  as  possible  and  to 
consider  only  those  in  which  the  onset  of  auricular  contraction  was  sharply 
marked  on  the  record.  In  all  cases  in  wliich  this  method  was  employed 
the  speed  of  the  record  was  such  that  1  mm.  corresponded  to  005  sec.  ; 
sufficiently  fast  to  allow  accurate  measurements  to  0025  sec.  or  less.  In  the 
use  of  the  first  method  records  were  made  at  a  slower  speed,  sufficient  to  give 
curves  in  which  the  initial  movement  was  clear,  usually  such  that  1  millimeter 
corresponded  to  about  02  sec.  In  most  of  the  experiments  in  which  this 
method  was  used,  a  specially  de^-ised  switch  was  included  in  the  circuit,  by 
means  of  which  any  two  electrodes  desired  could  be  cormected  through  the 
galvanometer  by  a  single  movement. 

The  region  of  primary  negativity  in  the  7nanunalian  heart,  and  the  conduction 
from  this  region  to  surrounding  parts. 
We  have  employed  both  of  the  methods  described  above  in  an  attempt 
to  determine  the  region  of  primary  negati^^ty.  Our  results  confirm  the 
previous  findings  of  Wybauw,""  and  of  Lewis, Oppenheimer  and  Oppenheimer,i' 
that  initial  negativity  in  the  dog's  heart  is  manifested  on  the  surface  of  the 
heart  over  a  region  corresponding  anatomically  to  the  position  of  the  sinus 
or  Keith-Flack  node.  In  38  experiments  on  dog"s  hearts  in  situ,  some  part 
of  the  sinus  node  was  found  to  precede  in  negativity  one  or  more  regions 
Iving  outside  in  all  cases.  In  eight  experiments  we  compared  regions  at 
different  levels  of  the  node  and  of  the  venous  and  auricular  tissues  h'ing 
immediately  contiguous  to  the  node.  The  position  and  extent  of  the  node 
and  its  relation  to  the  points  compared  was  carefully  controlled  in  all  these 
by  histological  examination.  In  four  of  these  experiments  the  onset  and 
propagation  of  negativity  was  determined  by  the  first  method  described 
above,  in  the  remaining  four  the  time  intervals  of  the  spread  of  negativity 
was  estimated  bj-  the  second  method.  The  results  from  these  experiments 
are  described  below.  Description  of  the  four  experiments  by  the  first 
method  will  be  given  first. 

*  .\  better  method  would  be  a  comparison  of  two  galvanometric  curves  simultaneously 
recorded  by  two  galvanometers  connectini;  different  electrodes.  We  hope  to  apply  this  method 
in  the  near  future  to  a  more  accurate  determination  of  time  inter\-als  of  conduction. 
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Experiment  of    April  the    3rd,   1913. 

The  position  of  the  electrodes  and  the  position  and  extent  of  the  node  are  shown  in  the 
diagram  (Fig.  1),  which  was  drawn  to  scale  from  serial  sections. 


Histological   examination   showed   the   position  of  the  elec- 
trodes to  be  as  follows  : — 

Electrode  1.     On  auriciUar  edge  of  node  near  upper  end. 

Electrode  2.     On   the   aivricle,    3   mm.    from   the   edge   of   the 
widest  part  of  node. 

Electrode  3.     On  the  node,   slightly  below  widest  part. 

Electrode  4.     On  the  venous  edge  of  node,  at  widest  portion. 

Electrode  5.     On  the  mouth  of  the  superior  vena  cava,  3  mm. 
from  edge  of  node. 

Electrode  6.     On  sulcus  terminalis,   3  mm.   lielow  lower  end  of 
node. 


Fig.   1. 

The  curves  show  that  electrode  3  was  negative  before  all  other  regions.  The  relations  are 
expressed  diagrammatically  in  the  accompanying  figure  (Fig.  2).  The  points  of  contact  of  the 
electrodes  are  represented  by  small  circles  and  numbered  as  in  the 
previous  diagram.  Tlie  lines  connecting  the  different  circles  indicate 
that  a  comparison  was  made  between  the  two  regions,  and  the  crosses 
on  the  lines  indicate  which  showed  initial  negativity. 

The  electrode  on  the  node,  somewhat  below  its  widest  part  (3). 
showed  negativity  before  the  others.  It  is  to  be  noted,  however,  tliat 
the  negativity  spread  to  the  venous  edge  of  the  node  above  (4)  and 
out  on  to  the  superior  vena  cava  above  the  node  (5)  before  it  reached 
the  auricular  border  of  the  upper  end  of  the  node  (1).  Tlius,  while 
tliere  was  one  point  on  the  node  (3)  which  was  negative  before  all 
other  regions,  the  negativity  spread  out  from  the  node  to  in\olve 
certain  regions  outside  the  node  (5)  before  it  involved  all  parts  of 
the  node  it-self  (1).  It  should  be  noted  that  electrode  1  just  touched 
the  edge  of  the  node  on  its  auiicular  border  and  all  our  evidence  as 
will  be  seen  later,  indicates  that  spread  of  negativity  from  the  node  to 
the  auricle  is  relatively  difficult  as  compared  with  its  spread  to  other  parts.  Fi| 


Experiment  of    April  the  ath,   1913. 

Similar  in  every  way  to  the  above.     The  extent  of  node  and  position  of  electrode  is  shown 
in  Fig.  3.     The  electrodes  were  placed  as  follows  : — 


Electrode   1.  At  middle  of  node  at  widest  portion. 

Electrode  2.  On  middle  of  lower  third  of  node. 

Electrode  3.  On  sulcus  terminalis,  below  node. 

Electrode  4.  On  auricle,  3  mm.  from  node. 

Electrode  5.     On  venosus   side   of  node,    about  4  mm.   from 
border  of  node. 

Electrode  6.     On  mouth  of  superior  vena  cava,  about  5  mm. 
from  border  of  node. 


Fig.  3. 
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The  relative  negati^-ity  of  these  different  regions  is  shown  in  Fig.  4.     The  order  is  as  follows  ; 

Initial    negati\-ity    near    mid-region    of     node     at    widest    point 
(electrode  1). 

Venous  side  of  sinus  node  (electrode  5). 

Mouth  of  superior  vena  ca%-a  (electrode  6). 

Lower  third  of  node  (electrode  2). 

Sulcus  terminalis  below  node  (electrode  3). 

Right  atrium  near  node  (electrode  4).  ^. 

Fig.  4. 

Experiment  of  April  the  7th,   1913. 

Fig.  5  shows  extent  of  node  and  position  of  electrodes.     Fig.  6  shows  the  order  of  negativity 
as  follows  : — 


Initial    negativity    in   mid  -  region    of 
main  part  of  node  (electrode  1). 

\'enous    side    of   node,    3    mm.    from 
border  (electrode  o). 

Mouth  of  superior  vena  cava,   2  mm. 
above  node  (electrode  6). 

Right  auricle,  3  mm.  from   border  of 
node  (electrode  4). 

Sulcus  terminalis  below  node  (electrodes 
2  and  3). 


Fig.  o. 


Fig. 
follows  :- 


Experiment  of  April  the  10th,  1913. 
7  and  S  show  the  position  of  the  electrodes  and  the  spread  of  negativity. 


Initial  negativity  on  main  part 
of  node  (electrode  1). 

Lower  one-third  of  node  (elec- 
trode 2). 

Venous  tis-sue  bordering  on  mid- 
region  of  node  (electrode  4). 

Sulcus  terminalis  below  node 
(electrode  3). 

Mouth  of  superior  vena  cava. 
4  mm.  above  upper  border 
of  node. 


Right  auricle,  5  mm.  from  edge 
of  node  near  mid-region. 


This  is  as 


Fig.  7. 


Fie.  S. 
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The  following  are  four  experiments  by  the  second  method  described 
above  and  comprise  measurements  of  intervals  by  conduction  in  these 
regions. 

Experiment  ol   February  tlic    \olli,    I1I12. 

Seven  electrodes  were  placed  on  tlio  licart.  The  position  of  these  as  determined  by  serial 
sections  was  as  follows  : — 

Electrode   1.  Mouth  of  superior  vena  cava,  S  mm.  from  border  of  node. 

Electrode  2.  Vena  caval  border  of  upper  end  of  node.     Does  not  touch  nodal  tis.sue. 

Electrode  3.  Aiu-icular  border  of  upper  end  of  node.     Does  not  touch  nodal  tissue. 

Electrode  4.  Auricular  border  of  lower  end  of  node.      Does  not  touch  nodal  tissue. 

Electrode  5.  Auricular  appendage,  about  6  mm.  from  upper  end  of  node. 

Electrode  fi.  Vena  caval  border  of  mid  region  of  node. 

Electrode  7.  Auricular  appendage  at  border  of  node. 

None  of  these  electrodes  was  in  contact  with  nodal  tissue.  Electrode  2,  on  the  vena  caval 
border  of  the  upper  end  of  the  node  showed  first  negativity,  preceding  the  auricular  side  of  the 
node  (.3  and  7)  by  -005  to  -01  sec.  and  the  venous  side  of  the  node  lower  domi  by  about  the  same 
interval.  The  auricular  border  of  the  lower  end  of  the  node  (4)  followed  the  \-enoiis  border  of  the 
upper  end  by  -015  sec. 

Experiment  of   February  the  22nd  (.4..!/.)    1913. 

The  electrodes  and  spread  of  negati\ity  was  as  follows  : — 

Electrode   1.      On  upper  portion  of  sinus  node.     This  electrode  showed  first  negativity. 

Electrode  2.      On   mid-region    of   sinus   node.       Negativity    occurred    here    -005   sec.    after    its 
appearance  in  electrode   1. 

Electrode  3.     On  venous  side  of  node,  about  2  mm.  from  its  edge.     This  followed  the  upper  end 
of  node  by  about   01  sec. 

Electrode  4.     On  auricle,   about   3   mm.   from  border  of  mid-region  of  node.       This  followed 
electrode  1  by  -025  sec. 

Electrode  5.     On  lower  end  of  node,  followed    005  sec.   after  electrode  3,  and    Ol.j  sec.   after 
electrode   1. 

Electrode  6.     On  right  atrium,  about   10  mm.   from  the  edge  of  the  node,   followed    030  sec. 
after  electrode   1. 

Experiment  of   February  the  22nd  (P.M.)   1913. 

Five  electrodes  were  placed  in  this  experiment,  one  on  the  upper  end  of  the  node  near  its 
widest  point  (electrode  3),  one  on  the  lower  portion  of  the  node  (electrode  4),  two  on  the  lower 
part  of  the  superior  vena  cava  (electrodes  1  and  2),  and  one  on  the  body  of  the  right  auricle 
about  10  mm.  from  the  Ijorder  of  the  node.  The  initial  negativity  occiu-red  in  electrode  3, 
spread  to  electrodes  1  and  2  in  005  see.  and  to  electrode  4  in  appro.ximately  the  same  time. 
Electrode  5  (right  auricle)  followed  in  -03  sec. 

Experiment  ol  February  the  23rd,   1913. 

Seven  electrodes  were  placed  in  this  experiment,  as  follows  : — 

Electrode  1.  On  am-iele  close  to  border  of  upper  end  of  node. 

Electrode  2.  On  mouth  of  superior  vena  cava,  close  to  border  of  upper  end  of  node. 

Electrode  3.  On  sinus  node,  near  widest  portions. 

Electrode  4.  On  auricular  edge  of  node,  3  mm.  below  electrode  3. 

Electrode  5.  On  venous  edge  of  node,  at  same  level  as  electrode  4. 

Electrode  6.  On  lower  part  of  node. 

Electrode  7.  On  right  atrium,  10  mm.  from  mid-region  of  node. 

Negativity  appeared  so  close  together  in  electrodes  3.  4  and  5,  all  of  which  were  on  the  node, 
that  it  was  impossible  to  determine  any  difference  in  time.  Electrode  2  followed  in  005  sec, 
electrode  7  in  025  sec.     Satisfactory  curves  were  not  obtained  from  electrode  1. 


OR  I  GI  y    OF    HEART    B  E  .A  T  .  127 

Discussion  of  preceding  experiments. 

The  experiments  described  above,  concerned  with  negativity  in  the 
sinus  node  and  immediately  surrounding  tissue,  confirm  the  view  that  the 
nodal  tissue  is  the  first  to  manifest  negativity.  In  most  cases  this  appears 
first  in  the  part  of  the  node  containing  the  greatest  mass  of  tissue,  usually 
the  upper  jiart,  and  spreads  downwards  along  the  node  and  out  from  the 
node  to  the  surrounding  tissue.  The  wave  of  negativity  tends  to  spread 
up  to  the  superior  vena  cava  and  to  the  venous  side  of  the  node  more  rapidly 
than  to  the  auricular  side,  and  regions  on  the  venous  side  as  compared  with 
equidistant  regions  on  the  auricular  side  always  show  negativity  first.  In 
three  of  the  four  experiments  in  which  comparisons  were  made,  the  negativity 
spread  to  the  venous  side  of  the  node  before  it  reached  the  superior  vena  cava. 
As  will  be  evident,  these,  and  other  experiments  to  be  reported  in  this  paper, 
indicate  a  resistance  to  the  spread  of  the  wave  to  the  auricle  greater  than 
to  other  regions,  and  the  possible  significance  of  this  will  be  discussed  later. 
The  spread  to  the  venous  tissue  from  the  node  is  rapid  and  the  negati^^ty 
may  reach  the  mouth  of  the  superior  vena  cava  before  other  regions  of  the 
node  are  involved.  This  was  true,  for  example,  in  the  experiment  of  April 
the  3rd,  1913,  described  above.  Here  the  mid-region  of  the  node  was 
negative  after  the  mouth  of  the  superior  vena  cava,  while  the  upper  part 
of  the  node  preceded  both  of  these  in  negativity.  Had  the  former  lead  been 
taken  alone,  the  conclusion  would  probably  have  been  drawn  that  in  this 
case  the  excitation  was  arising  in  the  superior  vena  cava.  The  excitation, 
therefore,  does  not  necessarih^  spread  throughout  the  node  before  passing 
to  other  regions,  but  apparently  spreads  from  any  point  in  all  directions 
to  the  surrounding  tissues.  The  study  of  the  intervals  of  the  spread  of 
negativity  agrees  well  with  the  findings  in  the  first  four  experiments  described 
and  shows  that  there  is  little  delay  in  the  passage  of  the  wave  anywhere 
except  to  the  auricle.  The  wave  of  negativity  spreads  from  the  sinus  node 
down  the  node  and  over  the  bordering  venous  tissue  very  rapidly.  A 
difference  in  time  between  the  upper  and  lower  end  of  the  node  and  between 
the  node  and  contiguous  venous  tissue  of  -01  sec.  or  less  was  obtained  in 
all  cases.  The  spread  to  the  auricle  ciuite  close  (2-3  mm.)  to  the  node 
required,  however,  from  -015  to  -025  sec. 

In  a  recent  paper  Erlanger®  has  objected  to  the  interpretation  of  initial 
negativity  on  the  surface  of  the  heart  as  necessarily  indicating  that  region 
in  which  the  cardiac  impulse  arises,  on  the  ground  that  the  nodal  tissue  may 
represent  a  region  in  which  sinus  tissue  comes  especially  close  to  the  surface, 
or  that  as  a  result  of  accumulation  of  a  relatively  large  mass  of  sinus  tissue 
in  this  region,  the  impulse  may  be  especially  condensed  here  and  affect  the 
galvanometer,  while  other  regions  in  which  the  negativity  is  less  developed 
may  actuallj'  represent  the  place  of  initial  negati\'ity  and  the  true  region 
of  origin  of  the  impulse.  He  calls  attention  to  the  fact  that  the  amplitude 
of  the  electrical  change  associated  with  acti\'ity  is  largely  dependent  on  the 
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mass  of  tissue  reacting,  and  suggests  that  the  excitation  may  actually  start 
in  the  so-called  sinus  region  outside  the  node  and  spread  across  the  node  to 
the  auricles.  Only  «hen  it  becomes  concentrated  in  its  spread  across  the 
node  does  it  become  sufficiently  strong  to  affect  the  galvanometer.  He  states 
that  the  sinus  venosus  of  the  frog's  heart,  which  is  relatively  large,  must  give 
at  most  a  very  small  deflection  of  the  galvanometer,  since  no  e\ndence  of  it 
is  present  on  the  curves  that  have  been  jjublished  (Straub).  In  previous 
work  we  have  recorded  a  wave  due  to  sinus  activity  in  the  tortoise  by 
electrodes  placed  directly  on  the  sinus^'  and  even  from  the  body  tissues  of 
the  animal.'  In  the  latter  paper  we  have  discussed  the  question  as  to  why 
there  is  no  separate  wave  on  the  normal  electrocardiogram  of  mammals 
indicating  sinus  activity,  and  have  noted  that  the  presence  of  such  a  wave 
in  the  tortoise  is  the  sole  difference  between  the  electrocardiograms  of  the 
tortoise  and  the  mammal.  This  we  believe  to  be  the  expression  of  the  fact 
that  in  the  mammal  the  sinus  is  fused  with  the  auricle  and  the  electrical 
expression  of  its  activity  is  normally  fused  in  the  electrocardiogram  with  the 
wave  arising  from  auricular  activity.  A  full  discussion  of  this  with  the 
evidence  for  such  a  view  is  presented  in  the  paper  referred  to.  In  order  to 
put  to  experimental  test  the  possibility  suggested  by  Erlanger  that  there  may 
be  initial  negativity  of  relatively  small  degree  outside  the  area  of  nodal  tissue, 
we  have  in  several  hearts  compared  the  node  with  outlying  regions  with  the 
galvanometer  adjusted  to  much  greater  sensitiveness  than  usually  employed. 
Without  exception  the  sinus  node  continued  to  manifest  initial  negativity 
when  compared  to  other  regions.  In  the  curves  reproduced  (Fig.  it),  the 
sensitiveness  of  the  galvanometer  was  such  that  one  millivolt  gave  a  deflection 
of  260  and  1050  millimeters  ;  sufficiently  delicate  to  show  clearly  the  sinus 
wave  of  the  tortoise  heart.  Furthermore  we  have  found  that  the  endocardial 
surface  covering  the  node  manifests  initial  negativity  to  other  regions  lying 
outside  the  node  and  in  the  immediate  neighbourhood,  both  on  the  endo-  and 
epicardial  surfaces. 

The   transmission    of  the  wave  of  negativity,  arising  in  the  sinus  node,  to  the 
auricles  and  to  the  anriculo-ventricular  conducting  system. 

In  the  previous  section  we  have  considered  the  evidence  for  the  origin 
of  the  wave  of  negativity  in  the  sinus  node,  and  its  spread  within  the  node 
and  to  the  tissues  immediately  contiguous  with  it.  We  will  now  consider 
the  spread  to  more  distant  regions  and  discuss,  in  the  light  of  the  experimental 
facts,  the  probable  path  taken  by  the  impulse  in  its  passage  to  auricles  and 
ventricles.  The  regions,  of  which  the  investigation  seemed  of  especial 
importance  in  attempting  to  trace  the  normal  path  of  the  excitation  wave, 
are  the  mouth  of  the  superior  vena  cava,  the  right  atrium,  the  region  of  the 
coronary  sinus  and  the  lower  part  of  the  interauricular  septum  within  the 
right  auricle,  comjirising  the  region  of  the  auriculo-ventricular  or  Tawara 
node.     In  thirty-eight  dogs,   the  relation  of  onset  of  negativity  in  these 
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different  regions  was  determined  hj-  the  first  method  described,  and  in  this 
way  data  obtained  which  would  indicate  the  order  or  sequence  in  which 
these  regions  received  the  excitation  arising  in  the  sinus  node.  Xot  all  of 
these  different  regions  were  coinjjared  in  everj'  experiment,  but  sufficient 
data  were  obtained,  as  the  following  statement  will  show,  to  indicate  the 
usual  sequence.  The  two  points  compared  as  to  initial  negativity  are  given 
in  each  case  together  in  brackets,  and  the  numbers  following  indicate  the 
number  of  times  the  region  showed  initial  negativity  when  compared  to  the 
other. 
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Next  to  the  sinus  node  the  mouth  of  the  superior  vena  cava  precedes 
other  regions  in  a  large  proportion  of  the  experiments,  while  the  auriculo- 
ventricular  node  precedes  the  two  remaining  regions,  the  right  atrium  and  the 
coronary  sinus  in  a  large  percentage  of  cases.  The  data  in  reference  to  the 
relation  between  the  right  atrium  and  the  coronary  sinus  is  such  as  to  lead 
to  no  definite  conclusion  as  to  the  one  which  usually  precedes.  The  usual 
sequence  may  be  stated  as  follows  : — 

Sinus  node. 

Mouth  of  superior  vena  cava. 
Auriculo-ventricular  node. 
Coronary  sinus  or  right  auricle. 

While  this  expresses  the  usual  sequence  and  the  one  which 
occurs  in  a  large  percentage  of  all  cases,  there  may  be  a  variation  in 
the  order,  as  reference  to  the  data  will  show,  though  the  sinus 
node     always      stands     first.        From     the     experiments     first     described 


*  The  condition  of  nodal  rhythm,  in  which  the  impulse  arises  in  the  auriculo-ventricular 
node,  may  occur  as  a  result  of  certain  experimental  procedures.  These  two  hearts  demonstrated 
nodal  ihj-tlim  at  the  beginning  of  the  experiment,  a  condition  associated  with  simultaneous  or 
nearly  simultaneous  contraction  of  aiu-icles  and  ventricles.  For  this  reason  these  two  experiments 
have  been  excluded  from  the  other  totals  and  are  only  given  in  this  one  comparison. 
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in  this  paper  it  would  seem  that  the  excitation  usually  spreads  to  the  venous 
side  of  the  node  before  involving  the  superior  vena  cava. 

Data  as  to  the  actual  time  required  for  the  passage  of  the  wave  of 
negativity  from  the  sinus  node  to  the  right  auricle  was  obtained  hy  the  second 
method  described,  in  fourteen  experiments,  and  in  seven  of  these  the  time 
for  transmission  to  the  auriculo-ventricular  node  was  also  satisfactorily 
determined.  W3-bauw,^'  in  his  studies  upon  the  region  of  primary 
negativity  in  the  dog's  heart,  found  that  the  direction  of  movement  in  the 
curves  obtained  from  leads  from  tlie  sinus  node  and  auricle  quickly  changed, 
and  concluded  that  the  wave  of  negativit}-  was  conducted  from  the  sinus 
node  to  the  auricle  without  any  important  delay  and  that  nothing  comparable 
to  the  slowing  of  conduction  that  occurs  at  the  auriculo-ventricular  junction 
is  present  at  the  sino-auricular  junction.  Certain  considerations  led  us  to 
doubt  the  value  of  measurements  of  conduction  determined  by  this  method. 
In  a  muscle  composed  of  different  laj-ers  and  with  considerable  variation 
in  the  total  mass  of  tissue  in  different  regions,  it  would  seem  that  little 
confidence  can  be  placed  in  measurements  of  conduction  based  on  change 
in  direction  of  movement  in  the  galvanometric  curve.  Measurements  of 
this  kind  depend  upon  the  assumption  that  a  wave  of  negativity  arises  at  a 
point  (a)  and  is  conducted  to  a  point  (6),  in  such  a  manner  that  the  instant 
the  point  (h)  is  reached  by  the  wave  and  not  before  or  later  than  this  time,  the 
point  (6)  becomes  negative  when  compared  with  (a).  The  result  is  a  diphasic 
curve  and  the  time  of  propagation  of  the  wave  from  (a)  to  (6)  is  determined 
by  measurement  from  the  initial  movement  to  the  point  on  the  curve  where 
the  movement  passes  the  resting  position  to  form  the  opposite  limb  of  the 
diphasic  curve.  Should  the  condition  of  negativity  continue  to  predominate 
for  a  time  at  (o)  after  it  has  reached  (6)  erroneous  measurements  would  result. 
And  it  may  be  conceived  that  a  strong  condition  of  negativity  might  develop 
near  (b)  and  cause  the  curve  to  change  in  direction  before  the  negativity  has 
actually  travelled  to  (h).  Considerations  such  as  these  led  us  to  adopt  a 
different  method  in  investigating  this  problem.  This  method  is  described 
in  detail  in  a  preceding  part  of  our  paper.  The  results  in  reference  to  the 
rate  of  j)ro]iagation  of  negativity  from  the  sinus  node  to  the  right  auricle 
and  auriculo-ventricular  node  are  as  follows  : — negativity  in  the  mid-region 
of  the  right  atrium  followed  the  onset  of  negativity  in  the  sinus  node  an 
average  of  •0275  sec.  in  fourteen  experiments.  The  highest  figure  obtained 
was  -04  sec,  the  lowest  -025  sec.  In  five  of  seven  experiments  the  wave 
of  negativity  reached  the  auriculo-ventricular  node  on  an  average  of  015  sees, 
before  it  spread  to  the  body  of  the  right  auricle.  The  highest  figure  obtained 
was  -02  sec,  the  lowest  -005  sec.  In  the  remaining  two  experiments  the 
time  differences  between  these  two  regions  were  too  small  to  determine 
accurately.  All  of  these  experiments  were  performed  on  dogs.  Two 
experiments  were  carried  out  on  cats  and  one  on  a  rabbit,  which  showed 
approximately  the  same  interval  between  the  sinus  node  and  the  right  auricle 
as  in  the  dog.     The  rate  of  spread  from  the  sinus  node  to  the  superior  vena 
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cava  and  the  venous  and  auricular  tissues  immediately  surrounding  the  node 
has  been  given  earUer  in  this  paper. 

Discussion  of  results. 
Two  new  facts  in  relation  to  conduction  of  the  excitation  in  the 
manunalian  heart  appear  to  be  clearly  shown  bj^  these  exiJeriments.  First, 
that  there  is  a  certain  resistance  to  the  spread  of  the  excitation  from  the  sinus 
node  to  the  main  mass  of  the  auricle  ;  evidenced  both  from  direct  measure- 
ments of  the  rate  of  conduction  to  this  region  as  compared  with  conduction 
over  the  tissues  bordering  on  the  venous  side  of  the  node  ;  and  by  the  fact 
that  in  the  large  majority  of  cases  the  excitation  extends  to  relatively  distant 
regions,  such  as  the  auriculo-ventricular  node,  before  it  reaches  the  main 
body  of  the  atrium.  The  second  fact  which  seems  clear  is  that  the  excitation 
does  not  spread  from  the  sinus  node  to  the  auricle  and  thence  to  the  ventricle 
as  is  usually  described,  but  is  distributed  to  these  regions  by  different  paths. 
The  auriculo-ventricular  node,  representing  the  beginning  of  the  so-called 
auriculo-ventricular  conducting  system,  received  the  excitation  before  the 
right  atrium  in  thirty-one  out  of  a  total  of  thirty-eight  experiments,  while 
in  two  of  the  seven  remaining  instances  negativity  was  manifest  at 
approximately  the  same  time  at  both  points.  Thus  in  only  five  of  thirty- 
eight  experiments  did  the  excitation  involve  the  auricle  definitely  before 
reaching  the  auriculo-ventricular  node.  These  exceptions  seem  to  indicate 
the  possible  sjjread  of  the  excitation  from  the  sinus  directly  to  the  auricle 
and  to  show  that  the  impulse  is  not  necessarily  distributed  to  the  right 
auricle  through  Tawara's  node  and  its  connections.  Indeed  the  experiments 
do  not  necessarih^  indicate  this  in  any  case,  and  the  sole  conclusion  that  we 
feel  justified  in  drawing  at  the  present  time  is  that  stated  above,  namely, 
that  the  excitation  does  not  normally  spread  to  the  auriculo-ventricular 
node  and  the  ventricle  by  way  of  the  main  mass  of  the  right  auricle.  It  would 
seem  probable  that  the  facts  are  best  explained,  for  the  time  at  least,  by 
supposing  that  the  excitation  spreads  from  the  sinus  node  to  the  auriculo- 
ventricular  node  by  some  special  path  or  paths,  and  passes  directly  to  the 
right  auricle  through  the  sino-auricular  junction,  and  that,  for  some  reason, 
conduction  is  in  most  cases  much  slower  to  the  auricle  than  to  the  auriculo- 
ventricular  node.  This  may  be  represented  provisionally  in  diagrammatic 
form  as  indicated  : — 

SINUS         NODE  "pj^jg  excitation  is  conceived  of  as  spreading 

from  the  sinus  node  to  the  other  regions,  and  the 
relative  time  required  for  conduction  over  the 
path  is  indicated  in  each  case  by  the  length  of  the 
solid  connecting  line.  Thus  the  excitation  usually 
reaches  the  intercaval  regions  (Ic.)  and  the 
superior  vena  cava  before  any  other  regions,  and  in 
the  great  majority  of  cases  spreads  to  tlic  auriculo- 
ventricular  node  before  it  reaches  the  right  auricle 
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or  coronary  sinus.  That  there  is  a  direct  patii  to  these  regionn,  not  by  ^\  ay  of  the 
auriculo- ventricular  node,  is  regarded  as  probable  at  present,  and  is  represented 
by  the  direct  lines  connecting  them  with  the  sinus  node.  It  is  an  open 
question  as  to  whether  the  right  auricle  in  the  normally  beating  heart  ever 
receives  its  excitation  by  way  of  the  auriculo-ventricular  node.  Possible 
connections  are  represented  by  the  dotted  hues. 

That  there  is  an  anatomical  basis  in  the  mammalian  heart  for  the 
spread  of  the  excitation  from  the  sinus  to  the  ventricle  without  passing 
through  the  auricles,  is  possible.  The  sinus  in  the  early  embryonic  heart 
is  connected  with  the  ventricle  by  the  auricular  canal,  and  the  auricle  is 
a  side  growth  from  this  (Keith  and  others).  Mall^o  has  recently  shown  that 
the  auriculo-ventricular  bundle  is  formed  from  the  auricular  canal  and  at 
first  forms  a  well  marked  strand  of  tissue  connecting  sinus  and  ventricle. 
ThoreF*  has  reported  connections  between  the  sinus  and  auriculo-ventricular 
nodes  composed  largely  of  Purkinje  fibres  and  formed  of  tissue  similar  to  that 
in  the  ramifications  of  the  auriculo-ventricular  node.  This  has  been  denied, 
however,  by  AschofiV  Monckeberg^^  and  Koch.*^  Curran*  has  described 
in  the  sheep's  heart  examined  macroscopically  extensive  ramifications  of  the 
auriculo-ventricular  node,  one  of  which  is  described  as  passing  uji  in  the 
inter-auricular  septum  to  be  lost  in  the  auricular  muscle  near  the  mouth  of  the 
superior  vena  cava.  Other  bundles  pass  from  the  node  to  the  main  mass  of 
musculature  of  the  right  and  left  auricles.  Our  experiments  strongly  suggest 
that  such  a  connection  may  exist  ;  whether  it  is  over  a  single  well-defined 
path  or  occurs  diffusely,  and  \\hether  the  path  is  composed  of  "  speciahsed  " 
tissue,  are  questions  ^\•hich  future  experimental  and  histological  work  must 
decide.  In  a  recent  paper  Koch^*  discusses  in  detail  the  structure,  con- 
nections and  embryolog}'  of  the  sinus  and  auriculo-ventricular  node. 

It  should  finally  be  noted  that  the  delay  in  i)assage  of  the  excitation 
from  the  sinus  node  to  the  right  auricle  constitutes  a  definite  sino-auricular 
interval,  which  according  to  our  results,  is  about  one-fourth  the  length  of  the 
auriculo-ventricular  interval  in  the  same  heart.  This  interval  evidently 
results  from  the  resistance  to  the  passage  of  the  excitation  from  the  node 
to  the  auricle,  across  the  sino-auricular  junction.  The  excitation  spreads 
rapidly  throughout  the  node  and  to  contiguous  venous  regions,  but  encounters 
this  resistance  in  its  sjjread  to  the  auricle.  The  nature  of  this  resistance 
cannot  at  jiresent  be  stated.  It  may  be  bound  \\]>  in  some  way  with  the 
structure  and  relations  of  the  node  as  a  neuro-muscular  organ,  and  possibly 
the  delay  results  from  j^assage  over  structures  similar  to  the  synapses  of  the 
central  nervous  system. 

Summary. 

Employing  the  method  of  initial  negativity  in  com])aring  two  electrodes 
on  the  surface  of  the  heart  the  previous  \\ork  of  Wybauw,  and  of  Lewis, 
Oppenheimer  and  Oi^penheimer  has  been  confirmed,  that  in  the  dog's  heart 
the  cardiac  imi)ulse  arises  in  a  region  corresponding  anatomically  to  the 
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sinus  node  of  Keith  and  Flack.  It  has  been  shown  further  that  the  same 
relations  of  negativity  hold  when  the  electrodes  are  appUed  to  the  endocardial 
surface  of  the  veno-auricular  regions.  By  determining  the  relations  between 
the  onset  of  negativity  in  any  region  and  mechanical  systole  of  the  right 
auricle,  and  by  comparing  this  relation  in  different  regions,  estimates  have 
been  made  as  to  the  rate  of  propagation  of  the  wave  of  negativity,  arising  in 
the  sinus  node,  to  surrounding  regions  and  to  the  beginning  of  the  conducting 
system  of  the  ventricle  (the  auriculo-ventricular  node).  It  is  shown  that  the 
wave  of  negativity  is  propagated  throughout  the  sinus  node  and  spreads 
to  the  contiguous  venous  regions  with  considerable  rapidity,  reaching  the 
mouth  of  the  superior  vena  cava  in  01  sec.  or  less.  Its  passage  to  the 
auricle  is  somewhat  delayed,  and  a  sino-auricular  interval,  averaging  027 
sec.  in  fourteen  experiments,  has  been  determined.  This  delay  in  passage 
to  the  auricle  is  such  that  in  the  great  majority  of  the  experiments  the 
excitation  spreads  to  the  auriculo-ventricular  node  before  involving  the  right 
atrium.  This  leads  to  the  inevitable  conclusion  that  the  cardiac  impulse 
spreads  to  the  ventricle  and  to  the  right  auricle  by  different  paths,  and  does 
not  pass  to  the  ventricle  through  the  auricle,  as  ordinarily  stated.  Finally, 
it  is  shown  that  with  a  galvanometer  of  sufficient  sensitiveness  to  record  the 
electric  wave  arising  from  the  sinus  venosus  in  the  tortoise  heart,  the  sinus 
node  of  the  dog's  heart  continues  to  show  initial  negativity  to  all  other 
regions.  This  was  shown  in  order  to  meet  the  objection  that  the  wave  of 
negativity  may  arise  outside  of  the  sinus  node  and  first  become  sufficiently 
concentrated  in  this  region  to  affect  the  galvanometer  with  the  instrument 
of  the  sensitiveness  usualh'  employed. 

The  above  statements  are  derived  from  a  total  of  thirty-eight  experiments 
on  dogs'  hearts  beating  in  situ. 
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EXPERIMENTS   ON   THE   ORIGIN   AND   PROPAGATION   OF   THE 
IMPULSE    IN    THE    HEART. 

By  J.  A.  E.  EYSTER  and  W.  J.  MEEK. 

(From  the  Physiological  Laboratorij  of  the  University  of  Wisconsin.) 

OBSERVATIONS   ON   DYING    MAMMALIAN    HEARTS. 

Introduction. 
A  NUMBER  of  workers  have  attempted  to  determine  the  region  of  the 
mammalian  heart  which  retains  its  power  of  contraction  longest  in  the  dying 
heart  {ultitnum  moriens),  on  the  assumption  that  that  region  which  is  normally 
most  rhythmic  and  which,  therefore,  acts  as  pacemaker  for  the  normal  heart 
will  be  the  last  to  survive.  The  divergent  results  that  have  been  obtained 
by  different  workers  using  this  method,  as  well  as  certain  theoretical 
considerations  which  will  be  discussed  later,  led  us  to  test  this  method  by 
comparing  the  results  obtained  from  inspection  of  the  dying  heart  with 
those  obtained  by  direct  determination  of  the  region  in  which  the  excitation 
arose  by  the  method  of  initial  electric  negativity. 

Historical  data. 
The  fact  that  the  venous  and  auricular  regions  of  the  heart  usually 
retain  their  power  of  contraction  in  the  dying  organ  after  the  ventricles 
have  ceased  to  beat,  was  kno\\n  to  the  older  physiologists,  and  mention  is 
made  of  this  in  the  writings  of  Harvey,  Haller  and  Nysten.  Attempts  to 
locaUse  the  ultimum  moriens  more  exactly  have  been  made  by  a  number 
of  physiologists  in  modern  times.  MacWilliams^^  and  Hering^  found  the 
region  of  the  mouth  of  the  vena  cava  to  manifest  contraction  after  all  other 
regions  had  become  quiescent,  while  Fredericq^  placed  the  ultimum  moriens 
in  a  region  somewhat  lower  down  between  the  two  venae  cav^.  In  a  few 
cases  Hering  found  the  region  of  the  mouth  of  the  inferior  vena  cava  to  show 
contractions  after  all  other  supraventricular  parts  had  ceased  to  contract. 
In  a  later  paper  Hering^  states  that  those  cases  in  which  the  ultimum  moriens 
is  apparently  in  the  inferior  cava,  the  beat  really  originates  in  the  region  of 
the  auriculo-ventricular  node  at  the  base  of  the  interauricular  septum.  He 
finds  that  the  most  frequent  seat  of  the  last  noticeable  contractions  is  over 
a  region  along  the  sulcus  terminalis,  corresponding  to  the  position  of  the 
sinus  node  of  Keith  and  Flack. ^°  Koch^i  examined  the  dying  hearts  of 
four  still-born  human  foetuses  and  found  that  the  last  region  to  show 
contraction  was  the  mouth  of  the  coronary  sinus,  and  concluded  that  his 
findings  lent  support  to  the  view  put  forward  by  Tawara,  on  his  discovery 
of  the  auriculo-ventricular  node,  namely,  that  it  is  this  region  which 
represents  the  princii^al  cardio-motor  centre.  Koch  cut  away  from  these 
hearts  various  parts  of  the  supraventricular  regions,  including  the  superior 
vena  cava,  atrium  and  appendage  of  the  right  auricle,  and  parts  of  the 


138  EYSTER    AND     MEEK. 

interauricular  septum,  and  observed  the  effects  on  the  rate  of  contraction 
of  the  ventricles.  No  effect  occurred  until  the  lower  third  of  the  interauricular 
septum,  and  the  region  around  the  mouth  of  the  coronary  vein  was  removed, 
when  the  ventricular  beat  ceased.  Koch'^  more  recently,  while  accepting 
as  probable  the  origin  of  the  impulse  in  the  normal  heart  as  higher  up  than 
the  coronary  sinus,  nevertheless  affirms  his  earlier  observations  that  the 
region  of  the  coronary  sinus  is  the  last  to  show  contraction  in  dying  hearts. 
Hirschfelder  and  Eyster,'  in  observing  the  dying  hearts  of  dogs  and  cats, 
were  impressed  with  the  relative  infrequency  of  definite  contractions  in  the 
mouths  of  the  great  veins  and  the  general  complete  dissociations  between 
such  contractions,  when  present,  and  the  contractions  of  other  parts  of  the 
auricles.  Erlanger  and  Blackman^  were  unable  to  make  a  finer  localisation 
of  the  ultimum  moriens  than  the  region  of  the  great  veins  as  a  whole. 

Methods. 
The  hearts  were  exjiosed  in  situ  with  the  animals  under  artificial 
respiration  and  ether  anaesthesia.  The  artificial  respiration  was  stopped  and 
the  animals  allowed  to  become  asphyxiated.  The  region  including  the  mouths 
of  the  superior  and  inferior  vena  cava,  the  intercaval  regions,  the  atrium,  and 
the  right  auricular  appendage,  were  carefully  watched  in  the  dying  heart 
and  any  visible  beat  noted.  When  a  region  showed  conspicuous  movement 
after  all  other  regions  had  ceased  to  move  or  were  contracting  less  strongly, 
this  was  comjjared  with  other  regions  as  to  initial  negativity  by  connecting 
to  the  string  galvanometer  and  recording  the  curve  on  photographic  paper. 
The  normal  birthplace  of  the  excitation  was  determined  by  the  usual 
procedure  (see  Part  I)  before  asj^hyxia  was  allowed  to  develop. 

Ees  lilts. 
Four  experiments  were  performed,  two  on  cats,  one  on  a  dog  and  one 
on  a  rabbit.     The  protocols  of  these  are  given  below  : — 

Experiment  of  February  the  Sth,   1912.      Cat. 

In  the  normal  beat  the  region  of  the  sinus  node  precedes  tlie  mouth  of  the  superior  vena  cava 
in  negativity  by  -012  seconds  and  the  right  atrium  by  025  seconds.  ."Asphyxia  allowed  to  develop. 
Auricular  appendage  continued  to  beat  feebly  after  rest  of  supraventricular  regions  became 
quiescent.  Later,  regions  around  the  base  of  the  right  auricle  and  along  sulcus  terminalis  showed 
visible  contractions.  These  regions  were  formerly-  entirely  quiescent.  Finally,  weak  contractions 
developed  at  the  mouth  of  the  superior  vena  cava,  and  involved  about  fi\e  millimeters  of  the  lower 
end  of  the  vein.  The  beat  was,  as  near  as  could  Ijo  determined,  simultaneous  tliroughout  the 
regions  involved.  Ventricle  quiescent  except  occasional  weak  beat.  Atrium  had  ceased  beating. 
Galvanometric  curves  at  this  time  showed  that  the  first  region  to  show  negativity  was  the  mouth 
of  the  superior  vena  cava,  and  this  was  followed  by  the  region  along  the  sulcus  terminalis  (sinus 
node)  and  this,  in  tiu-n,  by  the  right  atrium. 

The  regions  in  the  dying  lieart  in  which  the  powers  of  contraction  survived  longest  thus 
comprised  the  mouth  of  the  superior  vena  cava  and  the  tissue  along  the  sulcus  terminalis.  The 
galvanometric  ciu-ves  showed  that  the  excitation  was  arising  in  the  former  region,  while  in  the 
naturally  beating  heart  the  reverse  was  true. 

Experiment  of  February  the  dth,   1912.      Dog. 

In  the  normal  heart  initial  negativity  was  present  in  tlie  upj>er  part  of  the  sinus  node,  and 
spread  to  the  lower  end  of  the  node  and  surrounding  regions,  involving  the  superior  vena  cava  in 
•015  seconds  and  the  right  atrium  in  025  seconds.  In  the  dying  heart,  as  a  result  of  asphyxia 
and  for  a  considerable  period,  the  only  beat  noted  was  in  the  right  auricular  appendage.  Later 
a  beat  became  evident  in  the  basal  portions  of  the  right  auricle  and  gradually  increased  in  strength. 
No  visible  contraction  was  present  either  in  the  mouth  of  the  superior  vena  cava  or  along  the  sulcus 
terminalis  comprising  the  region  of  the  sinus  node.     The  galvanometric  curves  showed,  however. 
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that  the  sinus  node,  whicli  showed  no  contraction,  was  negative  before  the  superior  vena  cava 
and  the  region  of  the  right  atrium  which  was  showing  well  developed  contractions.  The 
excitation  was  thus  arising  in  a  region  which  showed  no  visible  contraction  (sinus  node  region)  and 
spreading  to  involve  a  region  in  whicli  contractions  were  well  developed  (basal  parts  of  right  auricle). 

Experiment  of  February  the   lOlb,   1912.      Cat. 

Negativity  began  in  upper  part  of  sinus  node  region  in  the  normal  heart,  spread  to  lower 
end  of  sulciLs  and  to  mouth  of  superior  vena  cava  in  -01  and  to  right  atrium  in  025  seconds.  In 
asphj'xiatod  heart  contractions  developed  in  basal  parts  of  the  right  atrium,  the  siilcus  terminalis 
and  the  mouth  of  the  superior  vena  cava.  The  contraction  appeared  definitely  to  originate 
in  the  superior  vena  cava  and  to  spread,  in  the  form  of  a  wave,  to  involve  the  sulcus  and  basal 
parts  of  auricle.  There  was  no  distinct  interruption  in  the  wave  during  its  passage  to  these 
regions.  Galvanometric  curves  taken  at  this  time  showed  that  the  sulcus  region  was  negative 
before  the  mouth  of  the  superior  vena  cava  and  the  right  auricle. 

In  this  heart  the  excitation  in  the  dying  organ  was  thus  arising  in  the  same  region  as  in  the 
normal  (sinus  node  region),  a  part  which,  however,  appeared  to  contract  after  a  neighbouring 
region  (mouth  of  superior  vena  cava). 

Experiment  of  February  the  2~th,   1912.      Babbit. 

In  the  normal  heart  the  upper  part  of  the  sulcus  terminalis  was  negative  before  the  superior 
vena  cava  and  right  auricle  (time  intervals  not  determined).  This  relation  continued  in  the  dying 
heart  at  a  time  when  the  sole  region  showing  any  evidence  of  contraction  was  the  lower  end  of  the 
superior  vena  cava.  This  is  an  example  of  the  excitation  apparently  originating  in  a  region 
showing  no  visible  contraction  and  spreading  to  a  region,  the  seat  of  well  developed  contractions. 

Discussion. 

It  is  evident  from  the  experiments  reported  that  the  two  methods 
employed,  inspection  and  the  electrical  method,  frequently  give  contradictory 
results  as  to  the  region  in  which  the  excitation  arises  in  hearts  dying  from 
asi^hyxiation.  Furthermore,  the  impulse  may  arise  in  the  dying  heart  in  a 
region  diiferent  from  that  in  which  it  arose  in  the  same  heart  beating  under 
more  normal  conditions.  It  would  seem  that  of  aU  methods  which  have 
been  employed  to  determine  the  seat  of  origin  of  the  normal  cardiac 
impulse,  the  one  \\hicli  depends  upon  the  determination  of  the  ultimum 
moriens  is  most  likely  to  lead  to  erroneous  conclusions.  The  divergent 
conclusions  arrived  at  by  different  workers  using  this  method  is,  therefore, 
not  surprising.  As  Erlangcr-  has  jjointed  out,  the  logic  of  this  method  of 
determining  the  normal  seat  of  impulse  initiation  is  not  entirely  clear, 
since  it  serves  only  to  locate  the  most  viable  parts  of  the  heart  and  not 
necessarily  those  which  possess  normally  the  highest  degree  of  automaticity, 
In  our  experience  a  region  «hich  frequently  shows  the  strongest  and  at  times 
the  sole  power  of  contraction  in  the  djang  heart  is  the  right  auricular 
appendage,  a  region  in  which  rhythmicity  is  normally  absent  or  at  least 
very  slightly  developed  (Erlanger.^  Langendorff^^). 

Another  point  brought  out  by  these  experiments,  to  which  we  wish  to 
call  attention,  is  that  the  excitation  may  arise,  in  certain  cases,  in  regions 
of  the  djdng  heart  which  show  no  visible  contraction.  A  part  therefore, 
which  is  not  beating,  or  in  \\  hich  the  contractions  are  too  small  to  be  seen  or 
recorded,  may  be  the  seat  of  impulse  formation.  This  suggests  a  possible 
differentiation  of  the  properties  of  automaticity  and  contractiUty  in  certain 
regions  of  the  heart.  Whether  such  differentiation  is  absolute  or  relative, 
would  seem  to  depend  upon  the  question  as  to  whether  muscle  may  contract 
without  the  contraction  being  visible,  a  possibility  maintained  by  some 
writers.  As  to  this,  we  have  no  evidence  from  our  experiments,  and  indeed 
it  is  difficult  to  see  how  direct  experimental  evidence  can  be  obtained  to 
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throw  light  on   this  assumption.     Our  results  merely  show  that  impulse 

initiation  (autoniaticity)  may  be  present  to  almost  normal  extent  (as  judged 

by  the  rate  of  impulse  formation)  in  regions  in  which  contractility  is  greatly 

reduced  or  possibly  absent.     The  work  of  Gaskell,  Mac  Williams,  EnglemanU; 

Erlanger  and  others  has  shown  that  the  different  properties  of  heart  muscle 

are  present  in  different  degrees  relative  to  each  other  in  different  parts  of 

the  heart.     Erlanger^  and   Fredericq®  have  shown  for  example  that  the 

left  auricle  in  the  mammalian  heart  does  not  as  a  rule  manifest  autoniaticity, 

while   contractility   and   the   other   properties   of  cardiac   muscle   are   well 

developed.*     It  is  but  a  step  further  to  the  view  that  in  other  regions,  in 

which  automaticitj'  is  well  developed,  that  this  development  has  occurred 

at  the  expense  of  other  properties,  especially  contractihtj',  and  that  in  the 

most  automatic  regions  contractility  is  normally  greatly  reduced  or  absent. 

This  view  has  been  exjjressed  b}-  one  of  us*  previously  to  account  for  the 

absence  of  a  wave  on  the  venous  pulse  curve  that  could    be    referred  to 

contraction  of  the  sinus  region  of  the  mammahan  heart.     It  seems  significant 

to  us  in  this  connection  that,  in  our  experience,  any  contraction  \\  hich  may 

be  seen  in  the  d3-ing  heart  along  the  sulcus  terminalis  and  involving  the 

region  of  the  sinus  node,  to  which  most  of  the  known  facts  point  as  the  normal 

seat  of  origin  of  the  cardiac  impulse,  develojis  gradually  in  force  and  reaches  a 

maximum  during  the  course  of  observation,  and  is  usually  totally  absent  for  a 

period  of  time  after  the  heart  has  become  sufficiently  slowed  to  detect  it  if 

present.  „ 

^  Summary. 

Observations    were    made    on    the    ultimum    moriens    of    the    dying 

mammahan  heart  which  lead  to  the  conclusion  that  the  last  portion  retaining 

the  power  of  contraction  is  not  necessarily  indicative  of  the  seat  of  normal 

impulse  formation.     It  is  furthermore  shown   that  excitations   may  arise 

in  regions  of  cardiac  tissue  show  ing  no  visible  contraction,  and  it  is  suggested 

that  contractihty  may  be  normally  much  reduced  or  dormant  in  that  region 

in  which  automaticity  is  most  developed  and  in  w  hieh  normally  the  cardiac 

impulse  arises. 
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THE     OCCURRENCE     OF     AURICULAR     CONTRACTIONS     IN     A 
CASE   OF  INCOMPLETE   AND   COMPLETE   HEART-BLOCK 
DUE    TO    STIMULI     RECEIVED    FROM    THE 
CONTRACTING    VENTRICLES. 

By    ALFRED    E.    COHN    axd    FRANCIS    R.    ERASER. 

(From  the   Hospital  of  the  Rockefeller  Institute  for  Medical  Research,    New 

York.) 

In  a  patient  sixty-two  j-ears  of  age,  probably  suffering  from  syphilis,  we 
were  able  to  demonstrate  the  presence  of  incomplete  auriculo-ventriciilar 
heart-block  (Fig.  1).  During  a  long  period  of  observation  we  noticed  a 
frequent  change  from  incomplete  block  to  complete  auriculo-ventricular 
dissociation.  We  were  able  to  satisfy  ourselves  that  the  change  in  the 
heart's  rhythm  depended  in  great  part  on  the  fluctuation  in  the  rate  of  the 
auricles  in  the  same  way  as  has  been  reported  by  Erlanger^  in  a  patient  and 
by  Erlanger  and  Hirschfclder^  in  experiments.  During  the  periods  when  the 
rhythm  was  one  of  complete  dissociation,  we  noticed  that  the  ventricles 
were  often  followed  by  small  waves  easily  distinguished  in  the  electrocardio- 
grams. These  we  have  identified  as  the  representatives  of  auricular 
contractions  resulting  from  stimuli  received  from  the  contracting  ventricles. 
It  is  the  occurrence  of  these  waves  and  certain  facts  related  to  them  that  we 
wish  to  report. 

Apart  from  auricular  contractions,  which  occurred  normally  in  this 
patient,  an  abnormal  form  also  appeared.  The  abnormal  complexes  were 
found  only  after  independent  ventricular  contractions,  never  after  sequential 
cycles,  the  interval  between  ventricular  and  auricular  representatives  being 
01  to  014  seconds.  The  conduction  time  of  stimuli  passing  in  the  normal 
direction  was  most  often  0-2  seconds,  though  sometimes  it  was  slightly  less. 
In  the  electrocardiograms  (Fig.  2,  3,  5  and  6),  these  waves  are  represented 
by  small  acute  (1  to  1-5  mm.)  deflections  directed  downwards.  They  are 
obviously  auricular  contractions  and  result  from  ventricular  beats  which 
stimulate  the  auricles  to  contraction.  A  single  wave  of  the  kind  described  is 
seen  in  Fig.  2.  The  time  at  which  it  appears  is  just  before  a  normal  (sinus) 
auricular  contraction  is  expected.  It  is  the  only  point  in  the  curve  where  the 
regularly  recurring  upright  auricular  complex  fails  to  appear.  In  its  place  is 
an  auricular  beat  represented  bj^  a  negative  wave  of  the  kind  described.  In 
all  the  curves  which  were  taken  from  this  patient,  these  inverted  waves 
appeared  only  shortlj'  before  the  normal  (upright)  ones  were  expected  ; 
that  is  to  say,  they  appeared  only  in  the  late,  but  never  in  the  early  portion 
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of  the  diastoles  of  normal  auricular  contractions.  If  both  a  normal  and  a 
sequential  auricular  contraction  became  due  during  the  period  of  late  diastole, 
then  the  normal  beat  invariably  occurred  and  the  abnormal  one  was  suppressed 
(*  in  Fig.  3). 

A  comparison  of  Fig.  4  and  5  illustrates  these  points.  In  Fig.  4  no 
auricular  beats  follow  the  contractions  of  the  ventricles.  Of  the  three 
ventricular  complexes  shown,  the  first  and  third  are  j^receded  by  normal 
auricular  beats,  but  none  is  seen  in  relation  with  the  second.  An  auricular 
contraction  is  due  and  must  indeed  have  occurred  at  the  same  time  as  the 
middle  ventricular  beat,  for  this  i?  wave  is  2  to  3  mm.  taller  than  the  other 
two.  The  normal  auricular  beats  occurred  then  in  close  proximity  to  the 
three  ventricular  systoles,  and  stimuli  to  which  the  contractions  of  the 
ventricles  gave  rise  reached  the  auricles  when  they  were  refracto^3^  In 
Fig.  5  the  interval  between  the  normal  (upright)  auricular  representations  is 
equal  to  two  of  those  seen  in  Fig.  4.  If  the  remaining  ones  were  present, 
they  would  fall  a  little  more  than  0-2  seconds  after  the  beginning  of  the 
ventricular  complexes  ;  '  that  is  to  say,  auricular  diastole  would  terminate 
0-2  seconds  after  the  beginning  of  ventricular  s^-stoles.  But  before  this 
length  of  time  has  elapsed,  stimuli  from  the  ventricles  have  reached  the 
auricles  and  have  occasioned  contractions  which  are  represented  by  negative 
P  waves.  Such  waves  appear  after  each  of  the  ventricular  complexes  in 
Fig.  5.  The)'  have  forestalled  the  normal  auricular  beats  and  have  taken 
their  places. 

Auricular  contractions  of  similar  form  and  similarly  situated  were  observed 
experimentally  b}-  one  of  us.*  In  dogs  morphine  was  injected  intravenously, 
on  the  plan  of  v.  Egmond^  and  of  Einthoven  and  Wieringa,''  to  stimulate 
the  cardio-inhibitorj^  mechanism.  Under  these  circumstances  the  rate  of 
the  auricles  is  reduced  so  that  it  is  sometimes  slower  than  that  usuallj' 
developed  inherently  by  the  ventricles.  Instances  in  which  the  auricular 
rate  was  onlj^  11  per  minute  were  observed.  The  independent  ventricular 
contractions  which  arose  often  occasioned  stimuli  which  caused  auricular 
contractions  Uke  those  seen  in  this  patient.  An  instance  where  the  auricular 
beats  of  the  variety  under  discussion  appeared,  when  the  rate  of  the  normal 
auricular  contractions  was  very  slow,  is  seen  in  Fig.  6,  taken  from  our 
patient,  where  the  reduction  in  the  auricular  rate  was  due  to  vagus  pressure. 

Discussion. 

In  connection  \\ith  the  occurrence  of  auricular  contractions  as  the 
result  of  stimuli  arising  in  the  ventricles,  several  matters  of  interest  deserve 
consideration.  The  first  relates  to  the  form  of  the  electrocardiographic 
waves.  In  our  patient  and  also  in  the  experimental  curves  to  which  we  have 
referred,  the  auricular  curves  ai'e  downwardly  directed  deflections.    Lewis* 

*  A  report  dealing  with  tliis  subject  appears  in  the  Journal  of  E.xperimental  Medicine, 
1913,  XVIII,  715. 


VEX  T  n  I  or  LAR    S  T  I  M  r  L  1 .  143 

showed  in  his  experiments  that  waves  of  this  outline  usually  resulted  when 
the  stimulus  to  contraction  spread  from  a  focus  situated  at  the  lower  levels 
of  the  auricular  muscle.  More  recently,  Ganter  and  Zahn"  have  attcmjited 
to  show  in  a  preHminary  pubUcation  that,  if  the  auricular  contraction  is 
represented  by  an  inverted  wave,  the  stimulus  to  contraction  arises  in  the 
auricular  portion  of  the  auriculo- ventricular  node — a  portion  identical  with 
that  described  by  one  of  us^  as  the  auriculo-nodal  junction.  In  general, 
experi mentors  are  agreed  that  when  contractions  spread  from  the  lower  part 
of  the  auricular  musculature,  the  wave  in  the  electrocardiogram  is  likely 
to  be  inverted.  In  our  own  case  the  contractions  seem  to  have  spread  in 
the  same  way.  but  did  so  in  response  to  stimuli  which  arose  in  the  walls  of  the 
ventricles. 

We  have  stated  that  unless  the  ventricular  stimuli  occurred  late  in  the 
normal  auricular  diastoles,  no  abnormal  auricular  contractions  resulted. 
In  Fig.  3  it  is  quite  clear  that  an  abnormal  beat  failed  to  appear  at  a  point 
0-37  seconds  (P-B  ==  0-24  plus  R-P  in  this  curve  =  013  seconds)  after  the 
preceding  normal  auricular  contraction.  In  the  same  curve,  a  negative  P 
wave  did  occur  0-6  seconds  after  a  normal  P,  so  the  refractory  period  of  the 
auricle  is  certainly  less  than  this  length  of  time  (0-6  seconds).  Although  we 
know  that  the  refractory  period  is  at  least  0-37  seconds,  our  curves  do  not 
permit  us  to  state  exactly  how  much  longer  it  is.  Its  length  lies  between 
0-37  and  0-6  seconds.  Another  point  suggested  by  Fig.  2  must  be  considered. 
The  last  interauricular  interval  reproduced  measures  0-75  seconds  and  it 
ends  0-27  seconds  after  the  beginning  of  the  preceding  R  wave.  According 
to  the  other  examples,  a  negative  P  wave  was  expected  0-13  seconds  before 
this  time  had  elapsed.  A  satisfactory  explanation  for  its  absence  cannot  be 
given.  But  we  have  already  shown  an  instance  (*  in  Fig.  3)  where  a  normal 
beat  and  an  abnormal  one  are  due  simultaneously,  and  the  normal  one 
prevails.  Here,  as  elsewhere  in  these  curves,  the  normal  beat  not  only 
prevails  when  both  are  expected  together,  but  frequenth'  also  when  the 
abnormal  beat  falls  in  what  may  be  called  its  presystolic  period.  But  that 
this  is  not  always  the  case  is  seen  in  Fig.  5,  where  the  retrograde  beats  appear, 
though  normal  ones  are  due  directly  afterwards.  It  is  possible  that  the 
question  of  the  auricular  rate,  as  Trendelenburg^"  has  shown,  so  different  in  the 
two  examples  reproduced,  may  have  an  influence  upon  the  occurrence  of  one 
or  other  type. 

The  failure  of  the  auricles  to  respond  to  the  stimuli  from  the  ventricles 
early  in  diastole  may  be  attributed  to  one  of  two  causes.  The  irritability 
of  the  auricular  muscle  may  not  have  recovered  to  a  sufficient  degree  for  it 
to  respond  to  a  stimulus  of  the  strength  supphed  by  the  contraction  of  the 
ventricles.  Or,  stated  in  another  way,  the  auricles  remain  refractory  to 
normal  stimuli  for  longer  periods  than  are  observed  in  experimental 
conditions.  The  refractory  period  has,  in  fact,  been  shown  by  Trendelen- 
burg* to  be  somewhat  longer  in  the  auricles  than  in  the  ventricles,  but  these 
results    were     obtained    from    experiments    upon  frogs'  hearts,  and     the 
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results  apply  to  electrical  stimuli.  Experiments  more  nearly  approximating 
the  normal  conditions  in  mammal  or  in  human  hearts  are  unknown  to  us. 
We  must  conclude  that  contractions  resulting  from  physiological  stimuli 
can  occur  only  in  a  much  later  portion  of  auricular  diastole  than  is  the  case 
when  artificial  excitations  are  employed. 

Although  the  abnormal  auricular  beats  which  we  have  described  follow 
invariably  on  ventricular  beats  «hich  immediately  precede  them,  we  have 
not  ventured  to  describe  them  as  being  retrograde  in  the  sense  that  the 
stimuli  arising  in  the  ventricular  walls  passed  in  the  reverse  direction  over 
the  auriculo-vcntricular  bundle.  It  is  their  occurrence  in  a  case  of  heart- 
block  which  has  made  us  hesitate  to  give  them  this  designation,  even  though 
we  know  that  the  bundle  was  capable  of  conducting  impulses  in  this  patient. 
For  records  from  another  patient*  have  since  come  to  our  notice,  in  which 
similar  waves  appeared,  and  this  patient  during  four  or  more  j'cars  of 
constant  observation  has  invariably  been  the  subject  of  complete  heart-block. 
A  consideration  of  the  curves  from  this  ])atient  induces  us  to  consider  the 
possibiUty  that  the  abnormal  auricular  beats  in  both  patients  were  due  to 
the  mechanical  stimulus  of  the  contracting  ventricular  mass  acting  upon 
the  auricular  tissues. 

Summary. 

We  have  described,  in  a  case  of  heart-block  which  was  sometimes 
complete  and  sometimes  incomplete,  the  occurrence  of  auricular  contractions 
due  to  stimuli  received  from  the  contracting  ventricles,  while  auricles  and 
ventricles  were  beating  in  complete  dissociation.  The  case  belongs  to  a 
group  in  which  the  rhythm  of  the  heart  depended  in  large  measure  on  the 
rate  of  the  auricles. 
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Fig.   1.     Leads  /,  //and  ///.      Incomplete  heart-block  (2  :  1) 


Fig.   2.     Lead  //.     A  single  retrograde  (ventricular)  auricular  sj-stole  and  a  single  coordinated 
cycle  is  seen  in  a  stretch  of  curve  otherwise  showing  complete  dissociation. 


Fig.  3.     Load   //.     Taken  during  an  atropine  test      The  figure  shows  complete  dissociation. 
One  auricular  systole  is  duo  to  a  retrograde  (ventricular)  stimulus. 


Fig.  4.     Lead   //.     Taken  during  digitalis  intoxication.     Complete  dissociation  is  shown. 


Fig.   5.     Letid   II.     Taken  during  digitalis  intoxication.     The  figure  shows  complete  dissociation. 
Aiu-icular  contractions  due  to  retrograde  (ventricular)  stimuli  are  seen. 


Fig.   6.     Lead   ///.     The  arrows  indicate  the  onset  and  offset  of  pressure  over  the  right  vagus 
nerve. 
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A    CASE    OF    HEART-BLOCK    IN    WHICH    THERE    WAS    NO 
PATHOLOGICAL   LESION   OF  THE  CONNECTING  MUSCULAR 

SYSTEM. 

By  W.  E.  HUME. 
{Newcastle.) 

The  relationship  between  clinical  auriculo-ventricular  dissociation  and  a 
patliological  lesion  of  the  auriculo-ventricular  bundle  has  been  established 
in  many  instances.  Pathologically,  gummatous,  sclerotic,  and  calcareous 
changes  have  been  found  in  the  auriculo-ventricular  node  and  bundle  and 
in  many  cases  the  muscular  connection  between  auricles  and  ventricles  has 
been  completely  severed.  In  some  instances,  however,  the  damage  has  been 
less  complete  and  partial  lesions  have  been  described,  such  as  a  "  tendency 
to  sclerosis." 

On  the  other  hand,  there  are  at  least  three  cases  of  heart-block 
on  record  in  which  no  demonstrable  lesion  could  be  found  in  the  auriculo- 
ventricular  node  and  bundle. 

Fahr,i  describing  three  cases  of  complete  auriculo-ventricular  disso- 
ciation, found  definite  lesions  in  two  of  them  ;  in  one  case  a  tumour 
completely  infiltrated  the  bundle,  and  in  the  other  the  right  and  left  limbs 
of  the  bundle  were  invaded  bj^  fibrous  tissue.  In  a  third  case  no  lesion  was 
found  in  that  portion  of  the  node  and  bundle  which  was  examined  ;  the 
bifurcation  of  the  bundle  and  its  two  branches  were  not  examined,  as  this 
region  was  not  included  in  the  block  of  tissue  taken  for  microscopical 
examination.  Fahr  attributes  this  omission  to  the  abnormal  length  of  the 
bundle. 

In  Krumbhaar's  case,^  a  diffuse  fibrotic  change  was  found  in  the 
ventricular  muscle,  but  the  auriculo-ventricular  bundle  and  its  ramifications 
appeared  to  be  quite  normal.  Krumbhaar  suggested  that  in  this  instance 
the  heart-block  might  be  associated  in  some  way  with  fibrosis  of  the  sino- 
auricular  node.  Ivy  Mackenzie  points  out  that  this  suggestion  must  be 
accepted  with  some  reserve,  as  a  fibrotic  condition  of  the  node  is  a  common 
occurrence  in  hearts  which  have  presented  no  clinical  abnormality.  Price 
and  Ivy  Mackenzie'  have  recorded  an  instance  of  complete  heart-block  with 
auricular  fibrillation  in  a  child  suffering  from  diphtheria.  In  this  heart  no 
structural  abnormahty  was  discovered  in  the  conducting  S3'stem.  They 
suggest  that  the  impairment  of  conductivity  might  be  due  to  lesions  in  the 
ventricular  fibres  themselves  which  rendered  them  incapable  of  responding 
to  auricular  impulses. 
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The  present  case  exhibited  all  the  phenomena  associated  with  the 
Stokes-Adams  syndrome.  During  life  there  was  auricular  fibrillation  and 
heart-block,  combined  with  short  periods  of  unconsciousness.  On  a 
microscopic  examination  of  the  heart  the  auriculo-ventricular  node  and 
bundle  and  the  two  main  branches  were  found  to  be  perfectly  normal. 
Certain  of  the  Purkinje  fibres  were  found  to  be  degenerated. 

Clinical  history.  H.  N.,  aged  69,  a  labourer,  was  admitted  under  my  care  in  the  Royal 
Victoria  Infirmary,  Newcastle-on-TjTie,  on  July  the  18th,  1'.112.  For  some  nine-ten  months  prior 
to  admission  the  patient  had  suffered  from  shortness  of  breath  on  exertion,  being  cmbarrivssed 
by  walking  quite  short  distances  (10  yards).  For  the  last  five  months  he  had  suffered  from 
attacks  of  giddiness  wliich  at  times  caiused  him  to  fall  and  rendered  him  unconscious.  These 
attacks  sometimes  occurred  six-seven  times  in  the  day.  He  was  warned  of  their  on.set  by  a  sharp 
shooting  pain  on  the  left  side  of  the  face  and  head  which  spread  over  the  forehead  ;  he  felt 
gidily  and  fell  rigid  with  arms  and  legs  extended.  After  a  minute  or  two  he  regained  consciou-sness, 
and  was  able  to  rise  without  assistance.  He  had  recently  experienced  some  precordial  pain  and 
tenderness  in  the  left  breast. 

Up  to  one  month  before  admission  he  had  acted  as  watchman  for  the  corporation.  He  was 
able  to  sit  at  his  door  and  guard  the  corporation  property  on  the  road,  which  was  undergoing 
repairs,  at  the  front  of  his  house. 

Family  and  previmis  history.  His  father  died  at  the  age  of  61  from  alcoholism.  His  mother 
died  at  the  age  of  50  of  heart  disease.  He  has  three  brothers,  and  of  three  sisters  two  are  quite 
healthy.  One  sister  is  said  to  suffer  from  heart  disease.  There  was  no  history  of  tuberculosis 
or  cancer  in  the  family.  The  patient  stated  that  he  had  been  a  perfectly  healthy  man  until  ten 
months  ago,  when  the  present  illness  started.  For  40  years  he  was  a  sea-going  stoker-engineer, 
and  for  the  last  8  years  had  done  odd  labouring  work.  He  had  partaken  moderately  of  alcohol 
(chiefly  beer).     He  smoked  about  three  ounces  of  tobacco  a  week. 

He  denied,  and  there  was  no  evidence  of,  any  venereal  disease. 

Condition  on  admission.  Patient  was  a  thin  spare  man  who  weighed  eight  stones,  his 
original  weight  being  ten  stones.  He  was  short  of  breath,  and  had  to  be  propped  up  in  bed  on 
account  of  dyspnoea.  He  had  a  constant  bronchitic  cough.  The  tongue  was  clean,  and  he  had 
a  fair  appetite.  The  radial  artery  was  markedly  thickened,  and  the  maximum  blood  pressure 
was  found  to  be  230  mm.  of  mercury  (Riva  Rocci).  The  pulse  was  slow,  being  counted  at  the 
wrist  at  32  beats  per  minute.  The  force  was  good.  The  temporal  and  brachial  arteries  were 
similarly  thickened. 

The  apex  of  the  heart  lay  in  the  fifth  interspace  four  inches  from  the  nipple  line,  and  was 
localised  and  forcible.  The  area  of  cardiac  dulness  extended  from  the  fourth  rib  above  and  the 
left  sternal  border  to  the  apex.  On  auscultation  there  was  a  first  soimd  and  a  blowing  systolic 
murmur,  which  was  conducted  a  hand's  breadth  towards  the  axilla.  The  aortic  second  sound 
was  accentuated.  There  were  signs  of  emphjsema  and  rhonchi  were  to  be  heard  throughout 
both  lungs.  There  was  no  oedema  of  the  extremities.  There  was  a  commencing  cataract  in  the 
left  eye,  though  no  other  abnormality  could  be  detected  in  the  special  sense  organs.  The  nervous 
system  was  normal.  The  liver  dulness  was  not  increased.  Fifty  ounces  of  urine  were  passed 
per  diem.     The  specific  gravity  was  1,018.     There  was  no  albumen  nor  sugar. 

Course  of  illness.  While  he  lay  at  rest  in  bed  there  were  no  fits,  though 
the  patient  occasionally  complained  of  giddiness.  The  pulse  never  varied 
more  than  4  beats  in  the  minute,  being  always  counted  at  32-36.  He  slept 
badly  and  was  very  breathless.     His  cough  was  constant  and  wearisome. 

On  July  the  2\st,  the  pulse  was  30  per  minute,  and  the  patient  complained 
of  feeling  very  giddy  at  times  though  he  never  lost  consciousness. 

On  July  the  25th,  at  6.15  a.m.  he  managed  to  partake  of  breakfast,  and 
about  a  quarter  of  an  hour  after  he  had  finished,  the  breathing  became  verj' 
difficult  and  the  face  was  noticed  to  be  cyanosed.  There  was  considerable 
rattling  in  the  throat  and  chest.  Breathing  ceased  and  artificial  respiration 
was  resorted  to.  During  this  apnceic  period  the  pulse  was  imperceptible 
at  the  wrist.  After  artificial  respiration  had  been  done  for  three  or  four 
minutes  normal  breathing  returned.  Then  it  was  found  that  the  pulse  was 
fast  and  feeble.     The  breathing,  on  recovery,  was  laboured  and  rapid.     For 
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three-quarters  of  an  hour  periods  of  apnoea  and  dyspncea  alternated.  The 
pulse  alwaj's  re-appeared  at  the  wrist  before  the  re-establishment  of 
physiological  breathing.  During  one  period  of  apncea  neither  the  pulse 
nor  respirations  returned,  and  the  patient  died. 

Polygmphic  tracings.  Polygraphia  tracings  were  taken  on  each  day 
from  July  the  12th  to  the  24th  ;  their  characteristics  were  always  the  same, 
and  are  represented  in  Fig.  1.  In  this  figure  it  will  be  seen  that  the  pulse 
periods  are  always  regular  and  each  measures  two  seconds. 


Fig.   1.     Jugular  and  radial  curves.     In  the  jugtilar  curve  fine  waves  £E.  indicative  of  auricular 
fibrillation  are  seen. 

In  the  jugular  curve  the  whole  of  the  diastolic  period  is  occupied  by  fine 
waves  indicative  of  auricular  fibrillation.  There  is  no  evidence  of  a  single 
a  wave. 

On  July  the  21st,  one-fiftieth  grain  of  atropine  sulphate  was  administered 
hypodermically.  This  injection  had  no  effect  at  all  on  the  pulse  rate.  There 
was,  however,  some  parching  of  the  mouth  and  dilatation  of  the  right  pupil. 

Pathological  examination. 

This  was  made  on  the  day  of  death,  before  the  onset  of  rigor  mortis. 
On  opening  the  thorax  there  was  a  considerable  quantity  of  clear  fluid  in  both 
pleural  cavities.  Both  lungs  were  collapsed  and  congested.  Throughout 
the  bronchial  ramifications  there  was  a  large  quantity  of  tough  muco-pus. 
There  were  signs  of  old  healed  tuberculosis  in  both  lungs,  and  in  the  bronchial 
glands. 

The  Uver  and  spleen  showed  changes  characteristic  of  passive  congestion. 
The  kidneys  were  normal  in  size  ;  on  section  the  capsule  stripped  with 
difficulty,  and  the  surface  of  the  kidneys  was  pitted  and  showed  numerous 
cysts.  The  cortex  was  narrowed.  The  vessels  were  thickened  and  prominent. 
There  was  a  small  fibrona  in  one  of  the  pyramids  of  the  left  kidney.  Chronic 
venous  congestion  was  marked  in  both  organs. 

The  whole  heart  was  enlarged  and  there  was  a  considerable  increase 
of  sub-pericardial  fat  which  was  especially  noticeable  on  the  surface  of  the 
right  side  of  the  heart.  The  right  auricle  and  appendix  were  sUghtly  dilated 
and  the  walls  hypertrophied.  The  tricuspid  orifice  admitted  the  tips  of  four 
fingers  ;  the  valve  was  not  abnormally  thickened.  The  right  ventricle 
was  shghtly  dilated  and  the  wall  was  infiltrated  with  fat  especially  towards 
the  apex.  The  muscle  of  the  right  ventricle  was  of  a  brown  colour  suggestive 
of  brown  atrophy.     The  pulmonary  valve  was  normal.     The  left   auricle 
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and  appendix  were  hypertrophied  and  dilated.  The  endocardium  of  the 
left  ventricle  was  thickened.  The  ventricular  wall  at  the  level  of  the 
attachment  of  the  papillary  muscle  measured  2  cms.  in  thickness.  The 
muscle  was  firm  and  did  not  give  the  appearance  of  excessive  fibrosis.  The 
mitral  valve  was  normal.  There  was  some  degeneration  at  the  bases  of  the 
aortic  cusps  but  the  edges  of  the  valves  were  thin  and  membraneous.  There 
was  considerable  thickening  of  the  intima  of  the  aorta,  and  a  few  small 
isolated  opaque  patches  of  atheroma.  The  coronary  arteries  were  both 
considerably  thickened,  the  thickening  being  due  to  a  prohferation  of  the 
intima.  Throughout  the  distribution  of  the  coronary  vessels  there  were 
small  yellow  patches  of  atheroma. 

Microsco'pic  examination  of  the  heart.  The  heart  was  forwarded  to 
Professor  Keith,  Royal  College  of  Surgeons,  for  microscopic  examination, 
and  I  am  much  obliged  to  him  for  sections,  and  for  his  opinion  on  their 
appearances. 

1.  The  region  of  the  sino-auricular  node  was  embedded  in  paraffin 
and  cut  at  right  angles  to  its  long  axis.  The  fibres  of  the  node  were  well 
formed  and  there  was  no  evidence  of  fibrosis  or  leucocytic  infiltration. 

2.  The  fibres  of  the  auriculo-ventricular  node  were  well  formed  though 
scanty  in  number.  The  bundle  was  triangular  in  shape,  the  sections  being 
cut  in  the  plane  of  the  long  axis  of  the  heart,  and  was  separated  from  the 
surrounding  muscle  fibres  by  a  capsule  of  fibrous  tissue.  The  muscle  fibres 
of  the  bundle  were  well  formed  and  there  was  a  complete  absence  of  any 
increase  of  fibrous  tissue  in  their  midst. 

3.  The  bundle  was  followed  into  right  and  left  branches  which  likewise 
appeared  to  be  normal.  The  terminations  of  the  branches  amongst  the 
ventricular  muscle  fibres  stained  poorly  and  appeared  to  be  degenerated. 
Professor  Keith  remarked  on  this  degenerated  appearance  of  the  Purkinje 
cells.  He  stated  "  that  he  was  afraid  to  make  any  definite  or  dogmatic 
statement  on  this  point,  because  in  hearts  which  he  had  reason  to  beheve 
were  normal  he  had  seen  similar  appearances." 

4.  Pieces  of  auricular  and  ventricular  muscle  were  examined,  and  in 
places  some  chronic  interstitial  fibrosis  was  discovered. 

Conclusion. 

A  consideration  of  this  case  and  of  similar  cases  in  the  literature  makes 
it  evident  that  our  knowledge  of  the  etiology  of  clinical  heart-block  is 
incomplete.  It  would  ajipcar  that  functional  as  well  as  organic  impairment 
of  the  auriculo-ventricular  node  and  bundle  may  be  responsible  for  the 
blocking  of  impulses  from  auricles  to  ventricles. 
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THE    ESTIMATIUX    OF    DIASTOLIC    BLOOD-PRESSURE 

IN    MAN. 

By  J.  A.  MACWILLIAM  and   G.  SPENCER  MELVIN. 
(From  the  Physiological  Lahoratory,  Aberdeen.) 

The  importance  of  a  knowledge  of  the  diastolic  pressure  need  hardly  be 
emphasised,  bearing  in  mind  the  valuable  indications  it  may  afford  as  to  the 
peripheral  resistance,  the  help  it  may  give  in  interjDreting  the  conditions  of 
the  circulation  through  its  relation  to  the  systohc  pressure  (pulse-pressure 
range),  and  the  significance  of  its  direct  influence  on  the  arterial  walls  (as  the 
continuous  distending  force  which  they  bear)  and  on  the  aortic  valves. 

Idttle  attention  is  at  present  given  to  diastolic  pressure  in  view  of 
the  prevaihng  opinion  that  there  is  no  rehable  and  practicable  method  of 
ascertaining  it,  existing  methods  being  difficult  of  apphcation  and  uncertain 
as  regards  interpretation.  Even  as  regards  normal  men  diverse  values 
have  been  stated  as  standards  of  diastoUc  pressure  by  different  observers, 
and  similar  diversity  of  opinion  naturally  results  as  to  the  actual  range  of 
pulse-pressure  in  different  conditions. 

PART  I. 

THE    MAXIMUM    OSCILLATION    METHOD. 

Before  entering  on  the  consideration  of  the  maximum  oscillation  method, 
some  other  plans  which  have  been  proposed  may  be  briefly  referred  to. 
Masing"  made  sphygmograms  from  the  artery  distally  to  the  armlet,  and 
took  the  armlet  pressure  at  which  the  maximum  excursion  of  the 
sphygmographic  lever  occurred  as  the  indication  of  diastohc  pressure. 
Strassburgcr's''  method  is  to  raise  the  pressure  in  the  armlet  gradually  and 
determine  by  palpation  of  the  artery  below  when  the  pulse  begins  to  feel 
smaller.  Ehret*  used  a  similar  plan.  Sahh-^  and  Bingel^  based  their 
estimations  on  graphic  records  from  the  arterj'  distally  to  the  armlet. 
Observations  on  the  foregoing  plans  have  been  made  by  many  observers. 

But  in  these  methods  the  changes  taken  as  indicating  diastohc  pressure 
are  difficult  of  determination  and  interpretation.  It  is  true  that  there  are 
decided  pressure  changes  in  the  arterj'  distally  to  the  armlet  when  the 
pressure  in  the  latter  is  gradually  raised  or  lowered.     In  our  experiments  such 
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changes,  as  indicated  manometrically,  did  not  usually  coincide  with  the 
internal  diastolic  pressure,  but  occurred  \\hile  the  external  pressure  was  at 
higher  levels  ;  there  was  considerable  variation  in  the  precise  relation  of  such 
changes  to  the  actual  diastohc  pressure.  These  points  are  stated  later  in 
this  paper.     (See  pages  163  &  164.) 

The  cliief  forms  of  apparatus  used  for  the  study  of  maximum  pulsation 
are  those  in  which  pressure  is  apphed  to  a  Umb  by  means  of  an  armlet  w  hich 
is  connected  \\ith  an  indicator  of  some  kind.  The  latter  may  be  arranged 
to  yield  visual  indications,  the  magnitude  of  the  oscillations  being  judged 
by  the  eye,  as  in  Hill  and  Barnard's^i  larger  apparatus,  the  compressed-air 
manometer  of  Oliver, ^^  the  oscillometer  of  Pachon,^^  and  the  mercury 
manometers  of  Stanton's-"  and  of  Janeway's^^  apparatus,  &c.,  these  latter 
being  appUcations  of  Gumprecht's^**  observations  that  the  oscillations  of 
the  Riva  Rocci  apparatus  could  be  used  for  this  purpose.  Or,  graphic 
records  may  be  obtained  by  Gibson's^  apparatus  with  Singer's  modification, 
by  Recklinghausen's^^  apparatus,  and  by  the  well-known  Erlanger^ 
sphygmomanometer. 

The  simpler  forms  in  which  pressure  was  apj^lied  locally  over  an  artery 
as  in  von  Basch's  apparatus,  Hill  and  Barnard's  pocket  sphygmometer, 
Oliver's  lia?madynamometer,  &c.,  have  now  been  superseded  by  the  above- 
mentioned  types. 

Vieivs  as  to  the  signi/icaticc  oj  maximum  oscillation. 

As  to  the  interpretation  of  the  data  provided  by  the  maximum  oscillation  method  there 
has  been  wide  diversity  of  opinion. 

Marey'^  introduced  a  new  criterion  for  the  estimation  of  blood-pressure  by  ascertaining 
the  external  pressure  at  which  maximum  pulsation  occurs  ;  he  enmiciated  the  principle,  commonly 
designated  by  his  name,  that  when  the  pulsations  become  maximal  the  pressure  outside  the 
artery  must  equal  that  within  the  vessel. 

This  principle  of  estimation,  characterised  by  Janeway  as  unquestionably  our  most  exact 
indirect  nieasiu'c  of  a  blood-pressure,  was  applied  by  Mosso'-"  in  his  sphygmomanometer  ;  the 
latter  investigator  offered  experimental  proof  of  the  theoretical  accuracy  of  the  method.  He 
experimented  with  two  vessels  communicating  by  an  opening  closed  by  an  unstretched  elastic 
membrane.  But  such  conditions  differ  widely  from  those  present  in  the  arteries  used  for 
blood-pressiu-e  estimations  in  man.  Mosso  believed  that  it  was  the  mean  pressure  that  he 
estimated  by  his  sphygmomanometer. 

Roy  and  Adami^  concluded  that  the  pulse-wave,  as  tested  by  their  experimental 
sphygmometer,  attained  its  maximum  size  when  the  extra-vascular  pressure  reached  a  height 
which  just  exceeded  the  minimum  intravascular  pressure.  These  observers  applied  local 
pressure  to  the  radial  artery  bj'  a  small  bag  filled  with  water,  a  method  now  known  to  be  attended 
by  many  sources  of  fallacy. 

Hill  and  Barnard  thought  that  the  instrimients  devised  by  them  indicated  the  mean  pressure, 
and  were  confirmed  in  this  opinion  by  experimentally  testing  a  dog's  thigh  with  an  armlet  and 
a  pocket  sphygmometer,  the  indications  of  the  latter  as  regards  maximxim  oscillation  being 
compared  with  the  readings  of  a  mercury  manometer  comiected  with  a  camiula  in  the  other 
femoral  artery.     They  obtained  corresponding  values. 

C.  J.  Slartin"  confirmed  this  experimental  finding  as  to  the  relation  of  maximmn  oscillation 
to  mean  blood-pressure.  He  found  that  Hill  and  Barnard's  small  sphygmometer  and  Oliver's 
liajmadjnamomoter  gave  suihciently  accm-ate  indications  of  mean  jjre.ssiu'e  when  applied  to  a 
length  of  exposed  artery  Ijing  on  a  flat  resistant  surface,  but  not  under  conditions  more  nearly 
comparable  to  those  present  in  the  human  subject.  With  the  armlet  also,  even  when  filled  witli 
water,  connected  with  a  mercury  manometer,  he  obtained  dubious  and  variable  results.  Martin 
expresses  a  strong  opinion  '"  that  the  maximum  systolic  is  the  only  point  in  the  varying  pressures 
of  the  cardiac  cycle  which  can  be  determined  with  any  degree  of  accuracy  without  opening  an 
artery." 

SahU-^  regarded  maximmn  oscillation  as  an  indication  of  diastolic  pressure,  while  TBchlenofl^ 
associated  it  with  systolic  pressure. 
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Howell  and  Brush'-  fixed  diastolic  pressure  as  the  phase  of  intra-arterial  pressure  to  which 
maximum  oscillation  corresponds,  at  least  under  experimental  conditions  witli  an  exposed 
artery  subjected  to  circular  compression.  They  enclosed  a  carotid  artery  (dog)  in  a  glass  tube 
and  used  valved  manometers  to  show  the  intraarterial  pressure  in  the  other  carotid,  &c.  The 
artery  examined  was  closed  distally  by  being  tied  or  connected  to  a  manometer. 

Howell  and  Brush's  result  is  in  accordance  with  Maroy's  principle,  and  it  has  been  the 
accepted  view  since  their  investigation  that  maximum  oscillation  indicates  diastolic  pressure  ; 
this  conclusion  has  been  applied  in  the  largo  amount  of  clinical  work  that  has  been  done  on  the 
subject  with  the  various  forms  of  apparatus  used,  such  as  those  of  Eilanger,  Oliver,  Janowuy, 
Gibson,  Pachon,  and  Recklinghausen — the  two  last  named  being  largely  employed  on  the 
continent. 

At  the  same  time  it  is  noteworthy  that  there  has  been  so  marked  a  conflict  of  evidence 
obtained  by  skilled  ob.sorvers  (Hill,  Martin,  How-ell  and  others)  in  regard  to  the  manometric 
verification  of  the  indications  afforded  by  maximum  oscillation — as  to  whether  it  is  the  mean  or 
the  diastolic  arterial  prossm-e  that  is  indicated. 

Oliver,  who  had  for  some  years  regarded  maximum  oscillation  as  uidicating  diastolic  pressure, 
has  recently  inclined  to  the  view  that  mean  pressure  may  be  the  one  indicated. 

Mackenzie"  believes  that  there  is  no  definite  point  in  the  series  of  oscillations  obtained 
with  rising  and  falling  external  pressures  that  can  be  taken  as  an  indication  of  diastolic  pressure. 

The  diastolic  index. 

With  the  forms  of  apparatus  in  which  the  maximum  of  the  oscillation  has  to  be  judged  by  the 
eye  difficulty  has  been  very  generally  felt  in  determining  the  optimum  excursion,  and  anything  like 
a  precise  definition  of  this  is  indeed  very  often  impossible  as  the  oscillations  may  look  maximal 
over  a  considerable  range  of  the  external  pressure  which  the  instrument  exerts  upon  the  artery. 

The  same  holds  good  when  a  graphic  record  is  obtauied,  not  only  when  air  is  used  as  the 
transmitting  medium  to  the  Hg.  manometer,  as  in  the  uistruments  of  Eilanger  and  Gibson,  but 
even  when  the  armlet  and  the  connecting  tube  to  the  manometer  are  filled  with  water,  as  was  done 
by  Martin  whose  tracings  show  practically  maximal  oscillation  over  a  considerable  range  of 
pressure  with  the  oscillation  magnitude  tailing  off  above  and  below.  Martin  recommends  (for 
estimating  the  mean  pressure)  raising  the  external  pressure  till  it  is  certaui  that  the  oscillations 
diminish  and  recording  this  point,  then  lowering  the  external  pressiu-e  till  an  midoubted  diminution 
takes  place  ;  the  mean  between  these  two  points  to  be  taken.  Gibson  also  recommends  the  taking 
of  the  middle  point  in  the  period  of  maximum  oscillation,  which  is  commonly  an  extended  one 
in  the  tracings  yielded  by  his  apparatus  ;  this  is  to  meet  or  minimise  a  source  of  fallacy  depending 
on  the  inertia  of  the  merciu-y,  as  suggested  long  ago  by  Marey.  While  the  pressure  in  the  armlet 
is  being  continuously  lowered  (method  of  continuous  escapement)  the  falling  mercury  carries 
the  lowest  point  of  maximum  oscillation  in  the  manometer  down  too  far ;  hence  Gibson  prefers 
the  middle  point  to  the  actual  lowest  point  of  maximum  oscillation. 

Recklinghausen,  on  the  other  hand,  associated  the  lowest  point  at  which  the  oscillation  is 
ma.ximal  with  the  minimal  intra-arterial  pressure,  i.e.,  just  before  the  abrupt  diminution  in  the 
size  of  the  oscillations  which  he  fomid  to  occur  as  soon  as  the  extra-vascular  pressure  fell  below 
the  diastohc  pressure  within  the  artery. 

Erianger  interprets  the  tracings  got  with  his  sphygmomanometer  by  taking  the  point  of 
maximal  oscillation  or  the  lowest  point  at  which  the  oscillation  is  maximal  (Recklinghausen's 
index)  as  a  measure  of  the  diastolic  pressure.  He  states  that  when  proper  precautions  are  observed 
these  two  points  usually  coincide.  But  in  the  experience  of  many  observers  this  point  is  often 
not  at  all  definite,  and  opinions  may  differ  markedly  as  to  the  precise  point  to  be  selected.  On 
submitting  tracings  taken  by  this  method  to  different  observers,  we  have  often  found  much 
diversity  in  regard  to  the  point  chosen,  and  in  many  cases  great  difficulty  in  deciding  upon  any 
point  at  all.  In  other  eases  the  sudden  diminution  is  quite  well  marked  and  affords  very  definite 
and  valuable  indications. 

Preliminary  experiments. 
Before  proceeding  to  investigate  the  conditions  and  significance  of 
maximal  oscillation  by  means  of  a  circulatory  schema,  we  experimented  on 
arteries  to  determine  (I)  the  behaviour  of  their  walls  when  compressed  by 
definite  increments  of  external  pressure,  and  (2)  the  effects  on  the  arterial 
volume  of  definite  rises  of  internal  pressure  acting  on  arteries  that  are  under 
the  influence  of  different  amounts  of  external  pressure.  Arteries  being  tubes 
of  very  special  structure  and  properties,  it  is  essential  to  use  these  in  the 
hving  state,  tested  in  different  conditions  ;  experiments  with  rubber  tubes, 
&c.,  are  on  a  different  footing  altogether. 
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Behaviour  of  the  arterial  tube  when  subjected  to  external  pressures. 

The  behaviour  of  the  arterial  tube  under  the  influence  of  external 
pressure  was  tested  by  placing  a  portion  of  artery  in  a  plethysmograph  or 
compression  tube  filled  with  oxj^genated  Ringer's  fluid,  in  which  the  external 
pressure  {i.e.,  the  pressure  on  the  external  surface  of  the  artery)  could  be 
increased  at  will,  the  amount  of  such  pressure  being  indicated  by  a  mercury 
manometer.  One  end  of  the  artery  was  closed  by  its  being  tied  on  a  glass 
or  wooden  rod  which  passed  through  one  of  the  rubber  corks  of  the  compression 
tube  ;  the  other  end  was  connected  with  a  long  horizontal  tube  of  small 
cahbre  passing  through  the  other  cork.  The  artery  was  filled  at  zero  pressure 
with  Ringer's  fluid  which  also  extended  for  a  short  distance  along  the 
horizontal  tube.  Raising  the  external  pressure  gradually  compressed  the 
artery  ;  the  resulting  displacement  of  fluid  from  its  interior  was  read  off  on  a 
milhmetre  scale  placed  alongside  the  horizontal  tube.  The  pleth3-smograph 
and  its  contents  were  kept  at  approximately  body  temperature.  The 
pressure  was  raised  by  increments  that  varied  in  different  experiments,  and 
at  intervals  of  different  duration — commonly   1  minute  periods. 

The  results  obtained  varied  according  to  the  increments  of  pressure  used 
as  a  test.     (\A'ith  small  increments  compressibiUty  and  distensibihty  differ.) 

When  rises  of  5-10  mm.  Hg.  are  employed,  contracted  and  relaxed 
arteries  show  remarkable  differences  in  behaviour.  In  the  former  the 
displacements  are  at  first  small,  gradually  increasing  to  a  maximum  and 
then  dechning.*  (Fig.  1.)  In  the  relaxed  vessel  the  first  rise  of  external 
pressure  causes  the  maximum  effect — followed  by  diminishing  effects  on  the 
cubic  capacity  of  the  tube.  (Fig.  2.)  These  effects  strikingly  resemble 
the  changes  in  capacity  produced  by  similar  increments  of  internal  pressure 
in  contracted  and  relaxed  arteries  respectively,  as  described  by  one  of  us 
(J.  A.  MacW.)  many  years  ago.  AVith  certain  tests  the  compressibiUty  of 
the  vessels  seems  to  be  closely  comparable  to  their  distensibihty,  at  least 
as  far  as  the  broad  features  of  their  behaviour  are  concerned  ;  the  processes 
of  compression  from  ^nthout  and  distension  from  within  show  notable 
similarity  in  their  development. 

But  such  increments  of  external  pressure  as  5-10  mm.  Hg.,  while  quite 
suitable  for  contracted  arteries  presenting  considerable  resistance  to  flattening, 
arc  much  too  large  to  serve  as  an  accurate  test  for  relaxed  arteries,  the  first 
increment  being  sufficient  to  flatten  the  vessel  along  almost  its  whole  length 
without  affording  an  opportunity  for  the  behavioiir  of  the  tube  at  the  different 
phases  to  be  analysed.  Consequently  we  have  tried  very  small  rises  of 
pressure  measured  by  a  water-manometer,  e.g.,  10-20  mm.  H,0.  With 
such  small  increments  a  very  different  picture  is  obtained — a  gradual  increase 
in  the  changes  of  cubic  capacity  up  to  a  maximum,  followed  by  a  dccUning 

*  The  filial  phases  approaching  complete  obliteration  when  the  displacements  become 
extremely  small  are  not  to  be  regarded  as  accurately  indicating  changes  in  the  tube  as  a  whole. 
For  at  this  stage  the  changes  are  chiefly  near  the  ends  kept  open  where  tied  on  the  glass  tube  or 
rod,  when  the  rest  of  the  artery  has  become  obliterated. 
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series,  i.e.,  a  behaviour  similar  in  character  to  what  occurs  with  a  contracted 
artery,  differing  only  in  regard  to  the  pressures  required.     (Fig.   13.) 

Similar  features  are  evident  when  an  india-rubber  tube  is  tested  in  the 
same  way,  large  increments  of  external  pressure  being  used  in  this  (resistant) 
tube.     (Fig.  4.)     Such  features  are  evidently  common  to  tubes  in  general. 

It  is  clear  that  the  resistance  of  the  tube  (artery,  &c.)  is  relatively  high 
to  begin  with,  when  the  circular  form  of  the  tube  has  to  be  distorted,  and 
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Fig.   1.      t'ontractod  artery.     Volume  changos  caused  by 
incremeats  of  external  pressure. 
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Fig.  2.  Relaxed  artery.  Volume  changes 
caused  by  5  mm.  Hg.  increments  of 
external  pressure. 
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Fig.  3.  Relaxed  artery.  Volume  clianges 
caused  by  10  mm.  H.,0  increments  of 
e-\temal  pressure. 
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Fig.  4.  Rubber  tube.  Volume  changes 
caused  by  10  mm.  Hg  increments  of 
external  pressure. 


that  the  maximum  effect  from  equal  increase  of  external  pressure  is  got 
when  the  tube  has  reached  an  oval  or  half- flattened  form.  Small  alterations 
of  external  pressure  in  this  region  would  obviousl}'  give  the  greatest  effect 
in  the  way  of  volume  change. 

Similar!}',  in  the  intact  circulation  changes  in  the  veins  from  the  oval 
to  the  circular  form  can  readily  provide  a  large  increase  in  the  capacity 
of  the  venous  system  with  comparatively  little  alteration  of  internal  pressure. 
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Volume  changes  caused  by  rises  of  internal  pressure. 

In  this  i^aper  the  term  "  zero  position  "  is  used  to  mean  that  of  an 
artery  in  the  normal  circiiUir  form  with  zero  pressure  in  its  interior,  i.e., 
undistended.  By  "  half-flattening  "  is  meant  such  an  approximate  amount 
of  flattening  as  is  present  when  the  shorter  diameter  is  roughly  about  one-half 
that  of  the  tube  in  its  circular  form.  In  "  complete  flattening  "  the  sides 
of  the  vessels  are  opposed  to  one  another  with  more  or  less  complete 
obhteration  of  the  lumen.     (Fig.  5.) 

We  have  compared  the  efficacy  of  changes  of  internal  pressure  acting 
on  the  arterial  tube  in  the  above-mentioned  three  positions  and  also  when 
distended  to  various  extents  beyond  the  zero  position. 
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Fig.  5. 

A.  The  continuous  circle  represents  the  zero  position,  and  tlie  broUcn  line  tlie  diastolic  position, 
tlie  artery  being  expanded  to  a  considerable  (though  variable)  extent  by  the  diastolic 
pressure  witliiii  it. 

B.  The  zero  and  the  half-flattened  positions  are  shown. 

C.  The  continuous  line  represents  the  artery  distended  by  diastolic  pressure  ;  the  broken  line 
(zero)  jiosition  to  which  tlie  vessel  returns  when  the  internal  diastohc  pressure  is  counter- 
balanced by  the  application  of  external  pressure. 

D.  The  outer  and  inner  circles  (broken  lines)  indicate  the  diastolic  and  zero  positions 
respectively  ;  the  continuous  line  indicates  the  half-flattened  position.  In  the  pliase  of 
maximal  oscillation  the  arterial  tube  changes  from  tlie  half-flattened  into  the  diastolic 
position,  and  then  becomes  further  expanded  to  a  variable  extent  by  the  systolic  rise  of 
pressure. 

We  began  with  such  small  alterations  of  internal  or  external  pressure 
as  are  necessary  to  change  an  artery  from  the  circular  to  the  half-flattened 
position  or  vice  versa.  With  an  artery  in  the  compression  tube  in  the  usual 
way  we  measured  the  amount  of  fluid  displaced  from  it  when  half-flattening 
was  caused  by  raising  the  external  pressure  to  a  sufficient  extent.  The 
artery  was,  to  begin  with,  filled  with  fluid  at  zero  pressure  ;  one  of  the 
tubes  leading  from  it  was  closed,  while  the  other  communicated  with  a 
horizontal  glass  tube  of  small  calibre  fitted  with  a  millimetre  scale.  The 
displacement  of  fluid  from  the  interior  of  the  artery  was  measured  by  its 
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movement  along  the  horizontal  tube.  With  a  relaxed  or  slightly  contracted 
artery  (e.g.,  carotid  of  sheep)  a  very  small  pressure  sufficed  to  cause  half- 
flattening  and  a  considerable  volume  change.  Taking  off  the  external 
pressure  of  course  caused  a  return  to  the  circular  form  ^nth  the  same  volume 
change  ;  the  same  result  followed  a  similar  small  rise  of  internal  pressure — 
to  counterbalance  the  external  pressure  which  had  caused  half-flattening. 

In  this  way  the  amount  of  pressure  necessary  to  change  the  vessel  from 
the  half-flattened  to  the  circular  form  and  tlie  volume  change  resulting 
therefrom  were  ascertained. 

The  effects  of  such  small  alterations  in  pressure  were  then  tested  by 
experiments  in  which  the  same  rise  of  internal  pressure  from  zero  or  from 
various  levels  above  zero  was  induced.  The  change  in  the  external  volume 
of  the  artery  was  determined  by  using  the  compression  tube  as  a 
plethysmograph,  one  of  the  branches  of  its  side  tube  being  closed  and  the 
other  connected  to  a  horizontal  glass  tube  with  a  scale.  The  expansion 
caused  by  a  certain  rise  of  internal  pressure  was  read  off  on  this  scale.  As 
the  pressure  alterations  involved  were  small  in  the  case  of  such  an  artery 
as  the  relaxed  carotid  of  the  sheep  (e.g.,  2  mm.  Hg.  or  less)  a  water-manometer 
was  used  to  measure  them. 

In  this  way  it  is  easy  to  compare  the  changes  in  arterial  volume  caused 
by  a  certain  small  rise  of  internal  pressure  acting  on  the  artery  (a)  in  the 
half-flattened  and  (b)  in  the  zero  position,  or  (c)  at  various  jihases  of  distension 
bej-ond  the  latter  position.  Even  in  a  relaxed  and  highly  distensible  artery 
the  volume  change  is  found  to  be  much  greater  in  (a)  than  in  (b)  and  very 
much  greater  than  in  (c).  In  other  words  the  effectiveness  of  a  small  rise  of 
internal  pressure  is  very  much  greater  when  starting  with  a  half-flattened 
artery  than  when  acting  on  one  in  the  circular  form  at  zero  pressure.  In  a 
normal  relaxed  artery  the  completely  flattened  position  is  not  nearly  so 
favourable  to  start  from  as  the  half-flattened  state.  The  small  rise  of 
pressure  acts  much  more  effectively  on  (a)  than  on  (b),  the  volume  change 
being  often  three  or  more  times  as  great  in  the  former  as  in  the  latter.  In 
such  comparisons  exactly  er^ual  periods  of  time  must  be  allowed  before 
reading  the  results,  as  the  expansion  and  recovery  of  an  artery  with  rises  and 
falls  of  pressure  are  processes  requiring  a  considerable  time  for  their  completion, 
the  after-extension,  &c.,  of  such  tissues  being  important.  The  results  are 
of  course  strictly  relative. 

The  actual  pulse  pressure  in  the  circulation  is,  however,  very  much 
greater  than  those  small  rises  ;  the  amount  needed  to  open  up  the  half- 
flattened  artery  forms  only  a  small  part  of  the  pulse-pressure.  Hence  the 
essential  comparison  is  between  the  effect  of  a  few  mm.  of  pressure  expended 
(a)  in  changing  the  tube  from  the  half-flattened  to  the  circular  position, 
and  (b)  the  effect  of  a  similar  rise  of  pressure  in  carrying  out  the  last  part 
of  the  expansion  of  the  circular  tube  in  the  sj-stolic  phase  beyond  the  zero 
position.  Are  the  few  mm.  more  effectively  spent  in  doing  (a)  and  so  not 
being  available  for  (h),  the  amount  available  for  distending  the  tube  from 
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the  zero  position  being  the  pulse-pressure  minus  the  few  mm.  in  question  ? 
Is  the  pulse-pressure  more  effective  when  starting  from  the  half-flattened  or 
the  zero  (circular)  position  ? 

Assuming  the  pulse-pressure  to  be  40  mm.  and  5  mm.  to  be  necessary 
to  open  up  the  half-flattened  vessel  to  the  circular  form  in  the  time  available, 
there  wiU  be  35  mm.  available  for  distension  from  the  zero  position.  In  the 
other  case,  starting  from  the  zero  position  the  whole  40  mm.  will  act  on  the 
circular  tube.  Are  the  5  mm.  more  effective  in  the  former  case  than  in  the 
latter,  when  serving  as  the  final  increment  in  distending  the  circular  tube  ? 
The  more  the  artery  is  distended — assuming  it  to  be  a  relaxed  or  a  slightly 
contracted  one — before  the  final  increment  of  internal  pressure  comes  into 
action,  the  less  effect  it  wiH  have  since  it  becomes  less  distensible  at  high 
pressures,  the  co-efficiency  of  elasticity  increasing  greatly. 

A  stronglj'  contracted  artery  would  yield  more  relatively  at  higher 
increments  but  the  actual  change  would  be  very  small,  in  the  brief  time 
that  the  pressure  rise  acts.  Such  transient  rises  have  little  effect  in  expanding 
a  strongly-contracted  artery  ;  the  process  of  expansion  goes  on  slowlj-  and  a 
considerable  time  is  necessary  for  the  manifestation  of  anything  approaching 
the  fuU  effect  which  a  certain  increment  of  pressure  may  be  capable  of 
exercising  upon  the  arterial  wall. 

We  tried  the  effects  of  sj-stoHc  rises  of  values  resembling  those  of  the 
pulse-pressure  in  the  circulation,  starting  from  (a)  the  half-flattened  position, 
and  (b)  the  zero  position.  &c.  The  former  position  (n)  is  established  by  the 
pressure  of  a  column  of  fluid  of  sufficient  height,  this  fluid  being  contained 
in  a  tube  connecting  the  side-piece  of  the  compression  tube  with  the  horizontal 
measuring  tube,  which  in  this  case  was  placed  on  a  level  elevated  to  a  suitable 
extent.  Such  experiments  were  made  with  arteries  in  various  conditions, 
with  results  that  were  always  of  the  same  nature,  the  advantage  as  regards 
the  magnitude  of  the  volume  oscillation  alwaj^s  being  associated  with  (a). 
This  holds  good  even  when  M-ith  an  extremely  distensile  artery  which  expands 
extensively  both  transversely  and  longitudinally  when  starting  from  the 
zero  position  (b).  An  extreme  case  of  such  an  arterj'  was  obtained  by  using  an 
ox  carotid  which  had  been  softened  by  exposure  to  ammonia  vapour  for 
some  minutes.  ^Yith  an  internal  rise  of  30  mm.  the  expansions  in  (a)  and  (b) 
bore  the  ratio  of  about  130  :  SO  ;  with  a  rise  of  70  mm.  such  ratio  as  35  :  23, 
&c.,  the  volimie  change  from  the  half-flattened  position  being  thus  about 
half  as  great  again  as  from  the  zero  position,  even  with  so  abnormally 
distensible  a  vessel.  With  less  distensibility  a  still  greater  advantage  rests 
with  (a). 

All  the  foregoing  experiments  give  results  which  concur  in  showing  that 
in  such  distensible  tubes  as  normal  arteries,  relaxed  or  in  a  state  of  moderate 
tone,  the  half-flattened  position  is  the  optimum  one  for  a  systohc  expansion 
to  start  from.  In  relatively  non-distensible  vessels,  whether  strongly 
contracted  or  pathologically  altered,  a  greater  degree  of  flattening  is  found 
to  be  advantageous. 
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The  pressure  changes  tested  in  these  experiments  are  of  considerable 
duration  (1  min.,  &c.).  The  results  arc  indicative  of  important  differences 
in  the  behaviour  of  the  arteries  in  various  conditions,  and  the  presumption 
is  that  a  broad  similarity  of  behaviour  must  be  manifested  in  the  different 
time  relations  that  are  present  in  the  human  circulation.  To  obtain  further 
evidence,  experiments  with  pressures  varying  at  rates  comparable  to  those 
in  the  circulation  were  carried  out  by  means  of  a  schema. 
Experiments  ^VITH  a  pulsatile  schema. 

Using  a  compression  tube  of  the  type  already  described,  we  placed  in  it 
a  length  (10-14  cm.)  of  contracted  or  relaxed  artery,  tied  on  glass  tubes  of 
similar  cahbre  which  passed  through  the  rubber  corks  of  the  compression 
tube.  Valved  manometers  (maximum  and  minimum)  were  connected  near 
the  proximal  and  distal  ends  of  the  compression  tube,  connections  of  equal 
cahbre  and  length  being  used.  Spring  outlets  were  employed  to  regulate 
the  peripheral  resistance.  Ringer's  fluid  was  used  as  the  jicrf using  fluid, 
and  the  same  filled  the  space  around  the  artery  and  the  tubes  leading  to  the 
manometers.     The  general  arrangement  is  indicated  in  Fig.  6. 
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Fig.  G.  Arrangement  for  studjing  maximum  oscillation  in  an  excised  artery.  The  proximal 
and  distal  pairs  of  manometers  (maximal  and  minimal)  are  connected  near  to  and  at  equal 
distances  from  the  ends  of  tlio  artery  in  tho  compression  tube.  The  side  tube  of  the 
oompression  tube  or  plethysmopraph  commiuiicates  with  a  Fick  manometer  or  other  recording 
apparatus,  as  well  as  with  an  Oliver's  screw  compressor.  Tested  separately  the  Fick  mano- 
meter gave,  with  pressures  up  to  at  least  HiO  mm.,  practically  equal  excursions  in  response 
to  equal  increments  of  internal  pressure. 

The  external  pressure  around  the  artery  in  the  compression  tube  was 
raised  by  a  compressor,  usually  OUver's  screw  compressor  ;  connected  by  a 
T  piece  with  the  same  branch  of  the  side  tube  of  the  compression  tube  was  a 
mercury  manometer  to  indicate  the  height  of  the  internal  pressure.  The 
other  branch  of  the  side  tube  led  to  a  Fick  manometer,  used  to  record  the 
oscillations  of  the  arterial  volume.  When  tracings  were  being  taken  the 
compressor  was  shut  off  by  a  stop-cock  between  it  and  the  compression  tube  ; 
a  stop-cock  between  the  latter  and  the  Hg.  manometer  was  turned  just 
enough  to  allow  the  pressure  changes  to  show  in  the  Hg.  manometer  while 
not  cutting  down  the  oscillations  in  the  Fick  much.  This  stop-cock  when  once 
arranged  wa.s  left  unchanged  during  a  scries  of  observations. 
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By  this  method  graphic  records  of  oscillation  were  got,  mth  measure- 
ments of  the  internal  jiressure  (s\\stolic'  and  diastolic)  on  both  the  i^roxinial 
and  the  distal  aspects  of  the  arter}'  under  examination,  while  the  vessel 
itself  was  studied  by  direct  inspection  and  the  changes  apparent  in  it  were 
correlated  with  the  variations  in  the  oscillation,  the  internal  pressures,  the 
relation  of  the  latter  to  the  external  pressure  around  the  artery,  &c. 

In  a  number  of  experiments  the  Erlanger  recording  apparatus  was  used, 
being  connected  with  the  compression  tube  instead  of  the  Fick  manometer  ; 
air  was  commonly  used  as  the  transmitting  medium  in  these  experiments. 
The  main  results  were  essentially  similar  to  those  obtained  with  the  Fick 
manometer,  though  there  were  some  differences  in  detail. 

To  estabUsh  the  relation  of  maximum  oscillation  to  internal  pressure 
is  by  no  means  a  simple  matter  in  an  experimental  schema. 

Some  investigators  have  used  an  ordinary  Hg.  manometer  and  have 
drawn  conclusions  as  to  the  relations  of  the  external  pressure  (at  which 
maximum  oscillation  occurs)  and  the  internal  diastohc  and  systoUc  pressures, 
evidently  overlooking  the  serious  nature  of  the  errors  that  may  arise  from 
the  use  of  a  simjile  Hg.  manometer  for  this  purpose — errors  varj'ing  not  only 
in  amount  but  in  their  nature,  under  the  influence  of  different  rates  of 
pulsation,  &c. 

Martin  measured  the  internal  pressure  in  his  experimental  schema  by 
an  ordinary  recording  Hg.  manometer.  Erlanger  used  a  maximum  and 
minimum  manometer  placed  on  the  proximal  side  of  the  tube,  &c.,  under 
examination  ;  on  the  distal  side  he  used  in  some  experiments  a  mercury 
manometer  to  record  the  pulsations  passing  through. 

The  existence  of  constrictions  at  anj'  part  of  the  channel  has  to  be 
carefully  guarded  against.  We  tie  glass  tubes  of  uniform  cahbre  into  the 
arteries,  not  cannulas  with  constricted  necks.  Torsion  of  the  artery  and 
disturbance  of  the  arterial  tube  that  may  result  from  ligaturing  branches 
too  close  to  their  origin  have  also  to  be  avoided.  Leaks  in  the  vessel  have 
been  tested  for  by  air  pressure. 

The  external  pressures  are  inscribed  above  the  tracings,  with  the 
exception  of  Fig.  17.  The  internal  pressures  are  marked  below  the  tracings, 
those  on  the  proximal  side,  systolic  and  diastohc,  as  Piox.  |  ^  ;  those  on  the 
distal  side  as  Dist.  |  p- 

Measurement  of  internal  jyressure.  It  is  necessary  to  obtain  readings 
of  systolic  and  diastolic  pressures  both  proximally  and  distally  to  the  artery 
in  the  compression  tube,  adjusting  the  valved  manometers  with  each 
alteration  of  the  external  pressure.  There  may  imder  some  conditions 
be  a  considerable  pressure  gradient  in  the  stream  between  the  proximal  and 
the  distal  manometers  ;  in  such  a  case  the  actual  pressure  within  the  artery 
is  decidedly  different  from  what  is  indicated  by  the  proximal  manometers. 
The  artery  may  show  flattening  when  subjected  to  an  external  pressure  lower 
than  the  reading  of  the  proximal  minimal  manometer,  in  which  case  there 
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is  obviously  a  fall  of  pressure  between  the  proximal  manometer  connection 
and  the  artery  ;  this  fall  is  shown  by  the  lower  reading  in  the  distal  manometer. 
If  a  steep  gradient  is  present,  the  pressure  varies  considerably  along  the 
length  of  the  artery,  so  that  there  is  a  definite  external  pressure  acting  on  the 
whole  of  an  artery  wliich  has  differences  of  internal  pressure  at  different 
parts  of  its  course.  We  have  usually  arranged  our  schema  so  as  to  have 
comparati^■ely  slight  pressure  differences  between  the  proximal  and  distal 


Fig.  7.  The  tracing  is  to  be  read  from  left  to  right.  Tliis  artery  had  a  strongly  resistant  wall. 
There  is  marked  difference  in  the  effects  of  a  falling  and  a  rising  external  pressure.  The 
maximal  phase  is  much  above  the  actual  diastolic  pressure  witliin  the  artery.  The  phase 
(90  mm.)  of  relatively  small  oscillation  adjoining  one  of  approximately  maximal  size,  there 
bemg  an  abrupt  change  from  one  to  the  other,  is  nearer  the  diastolic  pressure.  The 
external  pressures  are  marked  above  the  tracing,  the  internal  pressures  below  The  prox. 
sjstolic  (S.)  is  immediately  below  the  tracing,  then  the  prox.  diastolic  (D.).  Lower  down 
come  the  distal  systolic  and  the  distal  diastolic. 


EXT.    PRESS 


Fig.  8.  Carotid,  ox.  AVith  an  external 
pressure  equal  to  the  internal  diastolic 
the  oscillation  is  relatively  small.  The 
maximal  phase  is  not  reached  till  the 
external  pressure  (45  mm.)  is  much 
above  the  internal.  There  is  a  marked 
fall  in  the  distal  diastolic  at  35  mm. 
external  pressure,  very  considerably 
before  the  maximal  oscillation. 


ends  of  the  artery.  The  ends  of  the  artery  being  equidistant  from  the 
manometer  connections  the  actual  pressure  at  the  middle  of  the  artery  is 
obtained  by  talcing  the  mean  of  the  proximal  and  distal  pressures.  But 
considerable  disturbances  in  the  internal  pressures  and  the  relations  of  the 
proximal  and  distal  pressures  may  be  caused  by  the  application  of  external 
pressure  ;  this  is  especiaUj^  marked  in  regard  to  the  distal  pressures  at  a 
certain  level  upon  gradual  elevation  of  the  external  pressure.     Up  to  a 
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certain  height  there  is  httle  or  no  change  in  the  distal  pressures  ;  then  the 
latter  become  lowered  very  much,  the  diastolic  pressure  being  extensively 
affected  at  an  earlier  phase  than  the  S3'stohc.  The  relation  of  distal  to 
proximal  pressures  becomes  greatly  changed.     (See  Fig.  7,  8,  9,  11.) 


Fig.  9.  Tlie  tracing  reads  from  left  to  right.  Relaxed  artery.  The  oscillation  .shows  a  gradual 
change  in  size  at  different  external  pressures.  The  fall  in  distal  diastolic  pressure  occurs 
at  an  external  pressure  higher  than  is  necessary  to  elicit  the  maximum  oscillation,  and  at 
different  levels  with  a  rising  and  with  a  falling  external  pressure. 
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Fig.  10.     Carotid,   ox.     The   maximal  phase   is  above   the  diastolic  [pressure  indicated  by  the 
proximal  manometer.     The  preceding  phase  corresponds  to  the  proximal  diastolic  pressure 
(100  nun.);   there  is  an  abrupt  change  in  size  between  this  and  the  maximal  phase.     There 
is  also  an  abrupt  change  between  100  and  80  external  pressure. 
The  distal  pressures  are  not  recorded  in  this  tracing. 

After  such  disturbance  has  occurred  the  actual  pressures  present  in  the 
artery  cannot  with  confidence  be  deduced  from  a  comparison  of  the  proximal 
and  distal  pressures  ;  the  mean  between  these  two  cannot  safely  be  taken 
as  indicating  the  pressure  in  the  artery  midway  between  the  proximal  and 
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distal  manometer  connections.  The  relation  of  the  occurrence  of  an  extensive 
change  of  this  sort  to  the  phase  of  maximal  volume  oscillations  varies. 
(1)  The  change  is  commonly  established  when  the  external  pressure  is 
raised  sufficiently  to  induce  the  phase  of  maximum  oscillation,  though 
differences  in  this,  as  in  other  respects,  may  be  seen  in  the  same  artery  with 
rising  and  with  falhng  external  pressure.  (See  Fig.  7,  11.)  (2)  Sometimes 
the  disturbance  in  the  distal  pressures  begins  and  becomes  well  marked  much 
lower  than  the  phase  of  maximum  oscillation  (Fig.  8),  corresponding  pretty 
closely,  it  may  be,  with  the  internal  diastolic  pressure  as  indicated  by  the 
proximal  manometer.  (."?)  In  other  experiments  (Fig.  9,  12,  l.*?),  no  marked 
disturbance  occurred  until  the  external  pressure  had  been  raised  to  a  point 
decidedly  above  the  pha.se  of  maximum  oscillation.* 

We  find  that  the  changes  in  the  internal  pressures  caused  by  the 
application  of  external  pressure  vary  strikingly,  according  as  the  latter  is 
applied  (1)  while  the  stream  is  flowing  through  the  artery  in  the  usual  way, 
and  (2)  wliile  the  stream  is  stopped  by  clamping  the  tube  beyond  the 
connection  of  the  distal  manometers. •{• 

In  (1)  the  proximal  pressures,  both  systolic  and  diastohc,  usually  tend 
to  rise  more  or  less  distinctly  though  the  change  is  not  usually  an  extensive 
one  ;  above  a  certain  level  of  external  pressure  the  distal  pressures,  systohc 
and  diastolic,  fall  very  markedly,  the  diastolic  being  often  extensively 
affected  at  an  earlier  stage  than  the  systohc.     (See  Figs.) 

In  (2)  the  systolic  pressures,  proximal  and  distal,  are  lowered  while  the 
diastolic  pressures,  proximal  and  distal,  become  elevated.     (Fig.  14.) 

The  foregoing  effects  of  external  pressure  are  of  course  most  marked 
when  a  large  artery  (e.g..  carotid  of  ox,  &c.),  is  tested. 

The  effects  of  external  pressure  upon  the  internal  pressure  are  influenced  to  some  extent 
according  as  to  whether  the  air  in  the  compression  tube  is,  or  is  not,  in  continuity  with  the  air 
in  the  Olivers  compressor,  rubber  bag,  &c.,  used  for  raising  the  pressure.  \\Tiile  continuity  is 
present  the  effects  are  appreciably  more  extensive  ;  when  the  reservoir  of  air  in  the  compressor 
is  shvit  oft  there  are  notable  differences  in  effect  according  as  to  whether  it  is  shut  off  during 
the  systolic  or  the  diastolic  phase,  the  influence  of  the  latter  approaching  nearer  to  that  present 
during  continuity,  i.e.,  diminution  of  systolic  and  increase  of  diastolic  pressures. 

Turning  off  and  on  the  Hg.  manometer  used  to  measure  external  pressure  is  in  certain 
circumstances  not  free  from  some  disturbing  influence  on  the  internal  pressures. 

In  regard  to  the  comparison  of  the  size  of  the  oscillations  at  different 
external  pressures  it  is,  of  course,  essential  to  record  the  exact  amount 
of  the  pulse-pressure  at  each  phase,  varying  to  some  extent  as  it  may  do 
under  different  conditions.  Through  the  influence  of  a  temporary  increase 
of  the  range  between  the  systolic  and  diastolic  pressures  (pulse-pressure) 
it  is  clear  that  oscillations  of  disproportionately  large  size  might  be  got  at  a 
phase  other  than  the  optimum  position  of  the  arterial  wall. 

*  The  variation  in  the  relation  of  these  changes  to  the  actual  pressures  throws  grave  doubt 
on  the  reliability  of  the  various  methods,  based  on  the  recognition  of  such  changes,  which  have 
been  proposed  by  different  workers  for  the  estimation  of  the  diastolic  pressure  in  man. 

t  In  their  experiments  on  animals  Howell  and  Brush  closed  the  artery  (carotid)  which  they 
examined  in  their  plethysmograph,  by  ligaturing  it  peripherally  or  connecting  it  to  a  manometer. 


166 


MACWILLIAM    A  N  D    MELVIN  . 


Ar     l^    I-    ' 


I  «(.     1.30 


Ccv«r|-.ol      (crx) 


Fig.  1 1.  The  belKiviiJur  cif  the  oscillation  is  different  with  the  rise  and  fall  of  the  external  pressure, 
the  size  being  greater  during  the  fall  and  the  maximum  phase  at  120  instead  of  140  ram. 
external  pressure.  It  is  difficult  to  say  which  phase  should  be  taken  to  represent  the  Reckling. 
hausen  index ;   there  is  no  definite  indication  corresponding  to  the  internal  diastolic  pressure. 
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Fig.  12.  Carotid,  sheep  (natural  size).  The 
phase  of  maximum  oscillation  (90  mm. 
external  pressure), is  much  above  the  internal 
diastolic  pressure.  The  preceding  phase  of 
much  smaller  oscillation  is  also  at  an  external 
pressure  (80  mm.)  much  too  high. 


Fig. 


13.  Carotid,  ox.  Maximal  oscillation 
occurs  considerably  above  the  internal 
diastolic  pressiu-e.  The  external  pressure 
(60  mm.)  immediately  after  the  abrupt 
diminution  from  the  approximately 
maximal  size  corresponds  pretty  closely 
with  the  internal  diastolic  pressure. 


Fig.  14.  Carotid,  ox.  The  general  relations  of  flattening  to  oscillation  magnitude  and  internal 
pressures  are  shown  in  this  tracing.  It  is  to  be  noted  that  there  was  no  stream  flowing 
tlu'ough  the  artory^in  this  experiment,  a  clamp  having  been  applied  on  the  distal  side — 
beyond  the  distal  manometer  connection.  Application  of  external  pressure  leads  to  a  fall 
of  systolic  and  a  rise  of  diastolic  pressures,  both  proximally  and  distally. 
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Measurement  of  external  pressure. 

In  comparing  the  extravasciilar  and  intravascular  pressures  and  their  relation  to  the 
development  of  volume  oscillations  the  mode  of  measiu-ing  the  external  pressure  is  necessarily 
important.  Is  it  the  mean  pressure  or  the  minimum  between  the  pulse  beats  that  is  to  be  taken  ? 
The  latter  is  obvioiusly  the  one  that  directly  influences  the  size  of  the  artery  between  the  systoles — 
in  the  diastolic  phase"  With  large  pulse  pressures  and  a  distensible  artery  pretty  large  variations 
in  the  external  pressure  occur  at  each  pulse-beat,  as  seen  clinically  from  the  oscillations  of  the 
mereurj'  in  the  apparatus  of  Janeway,  Stanton,  Gibson  and  others.  Mean  and  minimal  pressures 
must  evidently  have  notably  different  values. 

Erianger  in  some  experiments  compared  the  measurements  of  external  pressure  in  his 
plethysmograph — apparently  with  air  transmission — by  an  ordinary  Hg.  manometer,  and  a 
minimum  manometer  ;  he  obtained  practically  corresponding  readings  from  the  two,  and  he 
seems  to  interpret  the  readings  as  indicating  minimum  pressure. 

With  our  circulatory  scheme  we  have  compared  simultaneous  readings  by  the  Hg.  manometer 
(compensated)  and  the  valued  minimum  manometer  imder  two  conditions  (1)  with  the  space 
around  the  artery  and  in  the  tubes  leading  to  the  manometers  filled  with  air,  and  (2)  with  Ringer's 
fluid  replacing  the  air.  Quite  different  results  were  yielded  in  the  two  cases.  In  ( 1 )  the  minimum 
manometer  gave  lower  readings  than  the  mean  of  the  ordinary  Hg.  manometer,  but  the  differences 
were  slight  except  when  the  volume  oscillation  was  very  extensive,  the  differences  being  more 
marked  with  the  higher  external  pressures,  and  being  trivial  at  atmospheric  pressure  when  the 
air  sened  as  a  highly  compressible  medium.  For  example,  when  the  Hg.  manometer  showed 
s  mean  pressure  of  58  rara.  the  minimum  manometer  reading  was  50  ;  when  the  former  stood  at 
32  mm.  the  latter  was  30  mm. 

It  is  to  be  noted  that  a  mean  external  pressure  exactly  equal  to  the  internal  diastolic  pressure 
would  not  bring  the  artery  to  the  zero  position  between  the  beats ;  a  diaslolic  external  pressure 
equal  to  the  internal  is  necessarj-. 

In  (2|  with  an  incompressible  transmitting  medium  the  movements  in  the  Hg.  manometer, 
when  uncompensated,  were  of  very  considerable  extent,  varying  of  course  with  the  pulse-pressure, 
and  the  size  and  distensibility  of  the  artery.  The  minimum  manometer  gave  a  much  lower 
reading  than  before,  much  below  the  mean  pressure  indicated  by  the  compensated  Hg.  manometer, 
the  discrepancy  often  being  a  verj-  important  one.  When  luicompensated  the  lowest  point  in  the 
movement  of  the  free-swinging  mercurj-  commonly  did  not  coincide  with  the  reading  of  the 
minimum  manometer  on  account  of  the  inertia  error  of  the  Hg.  giving  too  low  a  value  with  a 
slow  pulse  and  too  high  with  a  quick  pulse. 

Relation  of  external  and  internal  pkesstjres  dtjeing  maximal 

oscillation. 

In  view  of  the  complexity  of  the  conditions  affecting  the  volume 
oscillations,  as  stated  later,  it  is  not  surprising  to  find  very  considerable 
diversity  in  the  results.  Much  depends  on  what  is  taken  as  the  measure  of 
diastolic  internal  pressure — the  pressure  on  the  proximal  side  of  the  artery 
or  the  average  between  the  proximal  and  the  distal  pressures.  In  regard 
to  the  latter  the  great  disturbance  which  occurs  with  a  certain  elevation  of  the 
external  pressures  introduces  great  difficulty  in  determining  the  actual 
pressure  in  the  artery  lying  between  the  proximal  and  distal  manometer 
connections.  Under  such  complex  conditions  as  may  be  present  here,  we 
have  not  felt  \\arranted  in  taking  the  average  between  the  proximal  and 
distal  readings  as  indicating  the  true  pressure  in  the  interior  of  the  artery. 
We  have  relied  rather  on  experiments  in  wliich  the  disturbance  referred  to 
had  not  occurred  on  raising  the  external  pressure  sufficiently  to  elicit  maximal 
oscillation  and  where  the  differences  between  the  proximal  and  distal  readings 
were  small,  the  pressure  gradient  being  a  slight  one. 

We  find  that  the  diastoUc  external  pressure  necessary  to  eUcit  maximal 
oscillation  is  always  higher  than  the  actual  diastolic  pressure  within  the 
artery  ;   the  difference  is  increased  if  the  mean  external  pressure  is  taken  for 
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comparison.  The  excess  of  external  pressure  varies  greatly,  from  a  few 
mm.  Hg.  to  20  mm.  or  more  ;  it  often  amounts  to  about  10  mm..  (See 
Fig.  10-16.) 

If  the  average  between  the  proximal  and  distal  pressures  were  used  in 
the  cases  where  a  great  fall  in  the  distal  pressure  has  been  caused  by  the 
application  of  external  pressure,  the  discrepancy  between  the  external  and 
internal  pressures  during  the  phase  of  maximal  oscillation  would  of  course 
be  much  greater. 

The  position  of  the  maximal  phase  and  the  magnitude  of  the  oscillations 
may  vary  with  a  falling  as  compared  with  a  rising  external  pressure.  (Fig. 
7  and  11.) 

When  an  abrupt  change  is  evident  in  the  decline  of  the  oscillation 
magnitude  from  the  large  or  merely  maximal  size  such  is  commonly  associated 
with  an  approximate  equality  of  external  and  internal  pressures,  such  equality 
being  present  wiien  the  external  pressure  has  been  lowered  just  sufficiently 
to  give  the  characteristic  reduction  in  oscillation  magnitude  which  is  often- 
times easily  recognisable. 

Condition  of  the  artery  during  inaximum  oscillation. 

Normal  distensible  artery.  Direct  observation  of  relaxed  normal  artery 
in  the  compression  tube,  while  the  external  pressure  around  the  vessel  is 
being  gradually  raised  or  lowered  and  its  pulsatory  oscillations  in  volume 
are  being  graphicallj'  recorded,  makes  it  very  plain  that  the  maximum 
oscillations  do  not  occur  (as  is  believed  at  present)  when  the  external  pressure 
is  such  as  to  cause  the  vessel  to  return  to  the  condition  of  the  passiv-e  artery 
(empty,  or  filled  with  blood  at  zero  pressure)  between  the  pulse  beats.  The 
present  view,  in  accordance  with  Marey's  principle,  is  that  the  volume 
change  is  greatest  when  the  expansion  starts  from  the  condition  of  the 
"passive  "  artery,  the  circular  unstretched  tube  being  then  ready  to  undergo 
the  greatest  enlargement  during  the  systohc  rise  of  internal  pressure — the 
change  being  from  a  circular  tube  of  smaller  size  to  one  of  larger  size.  (Fig.  5A.) 
Direct  inspection  shows  that  this  \aew  is  not  correct.  The  conditions 
just  described  do  not  by  any  means  give  the  largest  oscillations.  When  the 
external  pressure  is  further  raised,  so  as  to  cause  an  alteration  in  the  form 
of  the  tube  in  the  diastohc  intervals,  a  certain  amount  of  flattening  or 
distortion  from  the  circular  form,  a  decided  increase  in  the  magnitude  of  the 
volume  oscillations  is  seen.  Maximal  oscillation  does  not  develop  until 
flattening  reaches  such  a  degree  that  the  shorter  diameter  of  the  tube  is 
(roughly)  something  like  half  that  of  the  passive  circular  tube — a  condition 
to  which,  for  convenience,  we  have  appUed  the  term  "  half-flattening."* 
(Fig.  5B.) 

*  A  similar  condition  is  probably  present  in  a  normal  artery  when  a  sphygmograph  is  applied 
and  the  maximum  excursion  of  the  lever  is  being  obtained.  That  the  vessel  is  by  no  means 
completely  flattened  between  the  beats  is  indicated  by  the  fact  that  when  the  brachial  artery  is 
closed  by  digital  pressui'e  the  sphjginugraph  le\er  sinks  markedly. 
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When  the  external  pressure  is  carried  so  high  as  to  cause  complete  or 
nearly  complete  flattening  of  the  artery  between  the  pulse  beats  the  oscillations 
are  markedly  diminished,  the  optimum  point  being  decidedly  exceeded. 

\Mien  the  external  pressure  is  first  raised  to  the  obUteration  point 
and  then  gradually  lowered,  a  series  of  similar  changes,  in  inverse  order, 
is  evident. 

Nature  of  the  volume  changes  in  maximum  oscillation. 

We  have  found  that  this  differs  in  two  conditions  : — 

(1)  In  the  normal  distensible  artery  ; 

(2)  In  non-distensible  tubes  ;    and  in  arteries  that  are  practically  or 

relatively  non-distensible  at  blood-pressure,  on  account  of  the 
presence  of  strong  contraction  or  of  pathological  change. 

Normal  distensible  artery.  The  volume  increase  represented  by  each 
oscillation  is  compounded  of  two  portions  : — 

(o)  The  volume  change  caused  by  an  alteration  from  the  half-flattened 
to  the  circular  form  (zero  position).     (Fig.  5,  B  and  D.) 

(6)  Ex})ansi()n  of  the  circular  tube  from  the  zero  position  to\\ards  or 
beyond  the  diastohc  position,  i.e.,  the  position  of  the  arterial 
w  all  in  diastole  when  the  diastolic  pressure  is  not  counterbalanced 
by  external  pressure.  According  to  the  view  at  present  accepted 
(6)  is  the  only  factor  in  the  production  of  the  oscillation. 
(Fig.  5,  A  and"  D.) 

In  the  normal  state  when  no  external  pressure  is  apphed  to  an  artery, 
its  expansion  at  each  pulse-beat  is  relatively  slight,  on  account  of  the  fact 
that  the  vessel  is  already  very  considerably  distended  by  the  permanent 
diastohc  pressure  and  not  easily  distended  very  much  more  by  the  systohc 
rise.*  It  follows  that  if  the  artery  is  reduced  to  the  zero  position  by 
counterbalancing  the  internal  diastohc  pressure  by  external  pressure,  the 
systolic  pulse  pressure  would  then,  acting  on  the  undistended  tube,  produce 
much  more  expansion  than  Avhen  it  acts  on  an  arterj*  already  distended  to 
the  diastolic  size.  This  difference  is  one  that  would  naturally  be  predicated 
in  the  case  of  a  relaxed  artery,  from  what  is  known  as  to  the  diminishing 
increments  of  volume  caused  by  successive  increments  of  internal  pressure. 
In  a  contracted  artery,  on  the  other  hand,  the  distensibihty  has  been  found 
to  be  greater  at  a  phase  when  the  vessel  is  already  filled  at  considerable 
pressure — the  amount  varj-ing  according  to  the  strength  of  contraction 
present.  But  this  difference  in  a  contracted  artery  is  onh"  relative,  and  the 
actual  amount  of  distension  (at  any  j^hase)  induced  by  such  quick  and 
transient  rises  of  pressure  as  those  of  the  pulse  waves  is  very  slight  :    this  has 

•  Changes  in  length,   straightening   of  curses  and  locomotion  are  commonly   much   more 
marked  than  transverse  expansion. 
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been  shown  by  direct  experiment  by  one  of  us  (J.  A.  MacW.)  and  is  evidenced 
by  the  absence  of  visible  systolic  expansion  of  contracted  arteries  in  the 
body  even  with  a  good  pulsc-prcssure. 

While  maximal  oscillation  is  occurring,  some  of  the  systohc  rise  is  being 
expended  in  changing  the  artery  from  the  half-flattened  to  the  circular  form 
by  overcoming  the  extra  external  pressure  which  was  needed  to  induce  the 
half-flattened  jjosition  in  the  time  available  between  the  pulse  beats. 

All  the  rest  of  the  systolic  rise  acts  upon  the  now  circular  tube,  distending 
it  from  the  zero  position  to  a  greater  or  less  extent  according  to  the  distending 
pressure  available  and  the  elastic  resistance  presented  by  the  arterial  wall. 
If  the  available  2:)ressure  is  equal  to  the  original  diastolic  pressure  the  tube 
will  be  distended  to  the  diastolic  position  ;  if  the  available  pressure  is  greater 
the  distension  will  necessarily  go  further. 

The  comparatively  small  i^ortion  of  the  systolic  rise  that  is  spent  in 
changing  the  half-flattened  tube  into  the  circular  form  is  much  more 
effectively  used  in  causing  volume  change  in  this  way  than  it  would  be  by 
adding  to  the  last  phase  of  the  expansion  of  the  circular  tube  from  the  zero 
position  ;  in  this  last  phase  the  effect  of  a  httle  more  pressure  would  be  very 
slight  as  the  artery  is  already  considerably  distended  and  the  co-efficient 
of  elasticity  in  its  wall  increased,  at  least  as  far  as  relaxed  or  slightly  contracted 
arteries  are  concerned,  while  in  strongly  contracted  arteries  the  whole 
expansion  from  the  zero  position  (though  relatively  greater  at  higher  pressures) 
is  slight  as  compared  with  the  volume  change  depending  on  alteration  in  the 
shape  of  the  tube. 

When  the  external  pressure  is  raised  to  such  a  height  that  the  artery 
is  completely  flattened  between  the  beats  the  external  pressure  must  equal 
the  diastolic  pressure  plus  the  resistance  which  the  tube  offers  against  being 
flattened  in  the  time  available  between  the  pulse-beats.  In  recovering 
(under  the  distending  force  of  the  pulse  pressure)  from  complete  flattening 
the  elastic  reaction  of  the  tube  fades  away  as  the  latter  recovers,  and  as  the 
external  pressure  remains  undiminished  some  of  the  pulse-pressure  must  be 
used  in  increasing  amount,  to  bring  the  tube  back  to  the  circular  form  ; 
from  this  point  distension  has  to  be  carried  on  against  an  external  pressure 
which  is  higher  than  in  the  case  of  half-flattening  by  the  additional  external 
pressure  necessary  to  give  the  complete  flattening.  Even  in  so  easily 
compressible  a  tube  as  the  relaxed  carotid  of  the  sheep  the  difference  in  the 
size  of  the  oscillations  with  (a)  half-flattening  and  {}>)  complete  flattening 
is  quite  marked,  the  oscillations  being  decidedly  smaller  in  the  latter, 
Evidently  the  excess  of  external  pressure  needed  to  cause  complete  flattening 
in  the  time  available  between  the  pulse-beats  is  sufficient  to  have  a  prejudicial 
efl'ect  on  the  size  of  the  oscillations,  interfering  seriously  with  the  amount  of 
opening  up  and  expansion  of  the  distensible  tube  by  each  systolic  rise. 
(Fig.  14.) 

Development  of  oscillations  when  the  pressure  on  the  exterior  of  an  artery 
is  gradually  raised.     As  the  external  pressure  is  increased,  reducing  the  size 
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of  the  artery  between  the  beats,  the  oscillations  grow  in  size  till  the  zero 
position  of  the  arterial  tube  is  reached  between  the  pulse-beats  ;  the  distension 
at  each  beat  approaches  or  reaches  or  overpasses  the  diastohc  position 
according  as  the  amount  of  the  puUe  pressure  approaches  or  equals  or 
exceeds  the  original  diastolic  pressure. 

With  further  elevation  of  the  external  pressure  partial  flattening  of  the 
artery  between  the  beats  begins,  and  the  oscillations  increase,  often  with 
some  suddenness,  being  augmented  by  the  volume  change  involved  in 
flattening  and  recover}'  of  the  circular  form.  With  external  pressure 
increments  of  5  mm.  Hg.  the  development  of  flattening  is  apt  to  be  sudden, 
if  the  increment  acts  on  a  vessel  already  at  the  zero  size.  But  if  the  last 
increment  falls  short  of  estabhshing  the  zero  position  say  by  2  or  '^  mm., 
then  only  2-3  mm.  of  the  next  increment  are  available  for  causing  flattening, 
and  the  increase  in  the  size  of  the  oscillations  may  not  be  so  sharp.  Much 
depends  on  the  resistance  offered  by  the  arterial  \\all  in  relation  to  the 
periods  during  which  the  pressures  act. 

Non-distensible  tube  or  artery.  Here  the  only  volume  change  possible 
is  by  flattening  to  various  extents  and  the  recovery  from  the  same.  The 
greatest  possible  displacement  will  of  course  be  got  with  complete  flattening, 
when  the  pulse  pressure  is  sufficient  to  open  (within  the  time  available)  up 
the  tube  to  its  original  circular  form  against  the  external  pressure  necessary 
to  cause  complete  flattening  between  the  beats. 

In  such  tubes  we  have  found  by  experiment  that  the  maximum 
oscillation  occurs  when  the  external  pressure  is  raised  to  such  an  extent  as 
to  cause  complete  or  almost  complete  flattening  between  the  systoles  ;  this 
constitutes  a  notable  difference  from  A\hat  obtains  in  a  distensible  artery. 
An  external  pressure  sufficient  to  cause  half-flattening  of  the  non-distensible 
tube  ehcits  oscillations  that  are  by  no  means  maximal  ;  the  half-flattened 
position  is  not  the  optimum  one  here.  With  the  complete  or  almost  complete 
flattening  the  oscillations  are  maximal  even  when  the  systolic  rise  does  not 
nearly  open  up  the  tube  to  its  circular  form  between  the  beats.  Further 
distension  of  the  vessel  after  the  circular  form  has  been  restored,  which  plaj's 
a  very  important  part  in  the  volume  oscillations  of  normal  arteries,  is  slight 
or  absent  here,  according  as  to  whether  the  loss  of  distensibility  in  the  artery 
is  more  or  less  complete. 

These  facts  have  obviously  an  important  bearing  on  the  study  of 
maximum  oscillation  in  man.  Normal  arteries,  when  contracted,  and 
pathological  arteries  with  stiffened  or  relatively  inelastic  walls  present 
numerous  gradations  in  character  between  the  highly-distensible  and  easily 
compressible  tube  represented  bj'  a  normal  relaxed  arter\'  and  a  more  or  less 
completely  non-distensible  tube,  the  latter,  while  non-distensible  by  internal 
pressure,  being  (a)  in  some  instances  easily  compressible  by  external  pressure, 
and  (6)  in  other  instances  offering  marked  resistance  to  compression  by 
external  pressure.  It  follows,  in  accordance  with  the  foregoing  observations, 
that  there  must  be,  caeieris  paribus,  a  similar  variation  in  the  behaviour  of 
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these  different  vessels  as  regards  their  pulsatory  volume  changes  under  the 
influence  of  external  pressures. 

Further  it  is  to  be  borne  in  mind  that  in  pathological  conditions  arteries 
are  commonly  very  far  from  being  uniform  in  character  along  their  length, 
there  being  often  large  variations  in  shape,  calibre,  thickness  of  wall,  stiffness, 
elasticity,  &c.  Reasoning  based  on  the  conception  of  such  vessels  as  regular 
cyUnders  with  walls  of  uniform  character  is  obviously  inapplicable  in  such 
cases. 

Influence  of  a  resistant  arterial  wall.  It  is  obvious  that  the  amount  of 
resistance  to  compression  offered  by  the  arterial  wall  must  affect  the  amount 
of  external  pressure  necessary  to  cause  the  requisite  amount  of  flattening 
in  the  time  available  between  the  systolic  waves.  Different  degrees  of 
resistance,  along  mth  defective  distensibihty,  may  depend  on  different 
degrees  of  contraction  ;  as  has  been  described,  contraction  (or  resistance 
from  other  causes)  can  be  greatly  reduced,  if  not  altogether  removed,  by 
repeated  or  continued  compression.  The  initial  raising  of  the  external 
pressure  above  the  obliteration  point,  as  in  the  Erlanger  method,  tends  to 
reduce  resistance  offered  by  the  arterial  wall. 

With  arteries  in  the  compression  tube  we  have  frequently  obtained 
graphic  records  showing  notable  differences  when  taken  with  a  rising  external 
pressure  as  compared  with  those  obtained  during  the  subsequent  lowering 
of  the  same  pressure  ;  the  differences  affect  both  the  position  of  the  maximum 
phase  and  the  size  of  the  oscillations.  With  the  lowering  of  the  external 
pressure  the  maximum  phase  often  comes  at  a  lower  level  and  with  enlarged 
amplitude  of  excursion.  This  is  probably  due  to  the  influence  of  the  preceding 
compression  on  the  arterial  wall. 

Martin  recorded  a  result  of  this  kind  in  the  case  of  an  old  man  \\ith 
considerable  arterial  sclerosis,  a  faihng  heart  and  a  high  systoUc  pressure 
(200  mm.),  where  the  maximum  oscillation  was  ol)tained  at  the  systolic 
level  with  the  rising  external  pressure  and  considerably  lower  with  the 
falling  external  pressure.  He  suggests  no  explanation  of  this,  but  remarks 
that  such  variation  with  the  conditions  under  which  the  record  is  taken 
constitutes  a  serious  indictment  against  the  maximum  oscillation  method. 

The  occurrence  of  maximum  oscillation  at  (or  near)  the  systoUc  pressure 
(pulse  obliteration),  though  agreeing  with  the  (discredited)  view  of  Tschlenoff, 
seems  paradoxical.  But  such  is  quite  conceivable  in  the  case  of  an  artery 
which  is  very  compressible  near  its  distal  end,  while  resistant  and  non- 
distensible  [e.g.,  from  strong  contraction)  along  the  rest  of  its  length.  With 
such  an  artery  in  the  compression  tube  \\  e  have  sometimes  seen  the  maximum 
oscillation  api^roaching  the  systolic  (obhteration)  level  in  a  remarkable  way  ; 
the  compressible  distal  end  was  closed  by  an  external  pressure  not  much  above 
what  was  necessary  to  ehcit  maximal  pulsation  in  the  rest  of  the  tube. 

In  this  connection  the  position  of  the  arterial  wall  when  maximum 
oscillation  occurs  is  evidently  important.  If  a  restoration  of  the  zero  jiosition 
by  external  pressure  is  all  that  is  needed,  as  is  commonly  beheved  at  present, 
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resistance  of  the  wall  to  compression  would  not  come  into  play — in  contrast 
to  the  requirements  of  a  flattened  position.  In  accordance  with  the  view 
at  present  held  it  has  been  asserted  that  the  maximum  oscillation  method 
gives  results  that  are  unaffected  by  the  state  of  the  arterial  wall.  Such 
a  conclusion  is  obviously  unwarrantable. 

Influence  of  the  form  of  the  internal  pressure  curve.  If  the  internal 
pressure  curve  is  of  such  a  form  that  the  minimal  level  of  pressure  is  of 
extremely  short  duration  a  higher  external  pressure  will,  caeteris  paribus, 
be  needed  in  order  to  estabUsh  the  half-flattened  position  between  the  beats. 

Influence  of  pulsaiile  changes  in  length  on  the  oscillation.  This  factor 
seems  to  have  been  entirely  overlooked  in  the  consideration  of  the  question 
of  maximum  oscillation.  In  the  appHcation  of  Marey's  principle  the  behaviour 
of  the  tube  as  regards  transverse  expansion  is  what  has  been  discussed. 

The  volume  change  depending  on  pulsatile  elongation  of  an  artery 
varies  much  in  different  circumstances  ;  under  certain  conditions,  with  no 
external  pressure  applied,  &c.,  the  increase  from  this  cause  is  much  larger 
than  that  due  to  transverse  expansion,  both  in  contracted  and  relaxed 
arteries,  the  actual  volume  change  being  vastly  greater  in  the  latter. 

If  an  artery  under  the  influence  of  the  diastolic  pressure  is  bent  to  one 
side,  either  before  the  systolic  rise  of  pressure  or  during  that  phase,  the 
longitudinal  expansion  is  very  striking.  On  the  other  hand  an  artery  kept 
straight  during  the  systohc  phase  by  longitudinal  tension  shows  only 
transverse  expansion. 

The  normal  longitudinal  tension  of  an  artery  between  its  attachments 
is  tension  in  an  empty  tube,  the  latter  being  shorter  than  the  distance 
between  its  attachments.  But  the  tube  when  stretched  by  a  certain  internal 
pressure  is  long  enough  to  cover  the  distance  without  longitudinal  traction, 
i.e.,  with  no  pull  upon  its  attachments  ;  of  course  this  involves  longitudinal 
tension  of  the  elements  of  the  arterial  wall  though  apphed  by  internal 
(blood)  pressure  instead  of  external  longitudinal  traction  applied  at  its  ends 
or  attachments. 

With  a  certain  amount  of  longitudinal  traction  on  an  artery,  between 
its  attachments,  the  internal  diastolic  pressure  may  be  just  sufficient  to 
counterbalance  this,  so  that  there  is  no  longitudinal  tension,  except  that  of 
internal  strain,  till  the  systolic  rise  comes  ;  the  latter  would  then  cause 
lengthening  and  bending  of  the  artery.  Greater  longitudinal  traction  than 
could  be  counterbalanced  by  the  diastoUc  pressure  is  necessary  to  prevent 
bending  in  a  relaxed  artery  when  the  systolic  rise  comes  ;  the  artery  must  be 
already  kept  stretched  between  its  attachments  to  an  extent  as  great  as 
would  result  from  the  systolic  rise  of  pressure.  In  other  words  if  an  artery 
is  to  be  kept  straight  when  internal  pressure  is  put  on,  the  tube  must  be 
already  stretched  (by  external  traction)  as  much  as  the  internal  pressure 
would  lengthen  the  empty  tube. 
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An  artery  stretched  and  bent  by  internal  pressure  gradually  becomes 

straightened  as  the  external  pressure  is  raised  ;  this  is  strikingly  evident 
when  an  artery  is  examined  in  the  compression  tube  in  the  usual  way,  the 
artery  becomes  shortened  and  straightened  as  the  internal  pressure  becomes 
counterbalanced  b}^  external  pressure. 

The  elongation  of  an  empty  artery  which  occurs  w  ith  active  contraction 
of  its  muscular  coat  is  quite  a  dififerent  matter  from  the  transverse  and 
longitudinal  expansion  simultaneously  caused  by  internal  pressure. 

When  external  pressure  is  apphed  so  as  to  counterbalance  the  internal 
diastoUc  pressure  the  artery  must  pull  on  its  attachments  between  the 
pulse-beats,  the  "  passive "  tube  freed  from  internal  pressure  being 
longitudinally  stretched  so  as  to  cover  the  required  distance.  The  systohc 
rise  of  pressure  must  then  have  relatively  httle — or  at  least  less — effect 
in  causing  elongation.  The  tube  is  already  stretched  by  external  longitudinal 
traction,  and  the  rise  of  internal  pressure  may  not  be  more,  or  much  more, 
than  would  extend  the  artery  to  this  length. 

But  if  the  artery  is  not  stretched  between  its  attachments  and  the 
diastoHc  pressure  is  counterbalanced  by  external  pressure,  the  passive  tube 
\vill  elongate  much  more  at  the  systohc  rise.  In  pathological  conditions 
arteries  are  often  not  in  a  state  of  tension  between  their  attachments,  but 
are  greatly  elongated  and  tortuous  under  the  influence  of  the  internal 
pressure.  Removal  of  the  latter  influence  by  a  counterbalancing  external 
pressure  causes  marked  shortening — in  arteries  that  are  not  changed 
structurally  in  such  a  waj'  as  to  be  incapable  of  shortening  considerably — 
with  much  elongation  of  the  passive  tube  during  the  systohc  rise  ;  in  this 
case  the  systolic  elongation  is  not  masked  by  existing  longitudinal  traction, 
and  volume  change  due  to  elongation  plays  an  unusually  large  part  in  the 
genesis  of  the  oscillations. 

Martin  describes  the  occurrence  of  maximum  oscillation  at  sub-diastolic 
pressures  when  the  artery  was  insufficiently  stretched,  the  mid-point  of  a 
long  series  of  approximately  maximal  oscillations  being  taken  as  the  maximal 
oscillation  index  ;  he  offers  no  explanation  of  this  occTirrence.  From  our  own 
experiments  we  deduce  that  maximal  oscillation  at  an  unusuallj'  low  level 
may  be  due,  in  part  at  least,  to  the  part  played  by  elongation  of  the  loose 
arterj',  large  volume  changes  from  this  cause  coming  at  a  relatively  early 
stage  ;  it  does  not  follow  that  such  low  level  should  be  sub-diastohc. 

In  experiments  by  one  of  us  (J.  A.  MacW.^^)  on  the  elongation  of 
arteries  by  successive  rises  of  internal  pressure  or  by  weights,  it  was  found 
that  contracted  arteries  gave  increasing  elongations  up  to  a  certain  point, 
and  relaxed  arteries  gave  large  elongations  at  several  rises  from  zero,  the 
second  being  often  as  large  as,  or  even  larger  than  the  first.  So  it  is  evident 
that  when  external  pressure  is  applied,  elongations  of  large  size  must  occur, 
in  an  artery  unstretched  or  insufficiently  stretched  by  traction  at  its  ends, 
before  the  diastohc  pressure  is  counterbalanced,  i.e.,  at  sub-diastohc  external 
pressures. 
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We  have  not  in  our  experiments  seen  maximal  oscillations  at  so  low  a 
level  as  to  be  actually  sub-diastolic,  though  such  might  have  been  assumed 
if  one  relied  solely  on  the  readings  from  the  minimum  manometer  on  the 
proximal  side  of  the  artery.  But  in  such  cases  direct  inspection  showed 
obvious  flattening  of  the  artery,  and  this  made  it  plain  that  the  external 
pressure  must  have  exceeded  the  internal  pressure  in  the  artery,  the  latter 
being  clearly  lower  than  that  measured  by  the  proximal  manometer  ;  in 
such  cases  the  reading  of  the  distal  manometer  revealed  the  presence  of  a 
considerable  gradient  in  the  diastolic  pressure,  being  decidedly  below  the 
reading  of  the  proximal  manomet-er.  It  is  to  be  noted  that  Martin  used  an 
ordinary  Hg.  manometer  to  measure  the  internal  pressure  and  apparently 
did  not  measure  such  pressure  on  the  proximal  and  distal  aspects  of  the  artery. 

Volume  changes  due  to  elongation  must  evidently  have  little  or  no 
effect,  in  the  case  of  forms  of  apparatus  other  than  the  armlet  which  apply 
local  pressure  to  a  very  Umited  area  of  the  artery  {e.g.,  Ohver's  haemadynamo- 
meter,  &c.)-  But  these  forms  have  many  other  causes  of  variation  and 
fallacy-  associated  ^^ith  their  working. 

The  decline  in  the  osciUation  magnitude  from  the  maximal  phase. 

A  sudden  declension  in  the  oscillation  magnitude  from  the  maximal 
or  approximately  maximal  phase  is  an  important  feature  in  many  tracings, 


Fig.  15  Carotid,  OS.  The  maximal 
oscillation  occurs  with  half-flatten- 
ing, about  10  mm.  above  the 
internal  diastohc  pressure.  After 
the  abrupt  decline  in  oscillation 
magnitude  the  external  pressure 
is  close  to  the  internal  diastolic 
pressure  (50  mm.). 
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Fig.  16.  Carotid,  ox  (relaxed).  Maximum  oscillation  continues 
over  a  range  of  about  20  mni.  (55  to  75  mm.  external 
pressure).  After  an  abrupt  decline  from  maximum 
oscillation  the  external  pressure  (50  mm.)  is  slightly 
above  the  internal  diastolic.  The  appearance  of  flattening 
of  the  artery  is  noted. 


and  supplies  the  Reckhnghausen-Erlanger  index  of  diastolic  pressure. 
We  find  that  this  declension  is  related  to  the  cessation  of  the  distortion  of 
the  circular  tube  by  the  external  pressure.  (Fig.  15  and  16.)  But  the 
absence  or  dubiousness  of  tliis  feature  constitutes  a  very  serious  difficulty 
in  utihsing  this  method,  and  one  that  has  been  widely  felt.     Such  is  the  case 
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both  with  an  experimental  schema  and  with  the  armlet  as  applied  clinically. 
In  regard  to  the  former,  see  Fig.  17,  in  which  the  change  is  seen 
to  be  a  gradual  one  ;  and  no  point  can  be  fixed  upon  as  affording  an  index 
of  any  kind.  Such  a  condition  is  too  familiar  in  cUnical  records  to  need 
illustration  here.  Experimentally,  we  have  found  such  in  arteries  of  very 
different  types  (a)  relatively  inelastic  (Fig.  18),  (b)  contracted  and  resistant 
(Fig.  17),  and  (c)  highly  distensible  relaxed  vessels  (Fig.  19). 

There  are  various  possible  causes  that  may  be  stated  in  this  connection. 

The  question  of  the  volume  changes  due  to  elongation  at  each  pulse-beat 
— commonly  ignored  in  this  connection — is  important.  If  the  conditions 
are  such  that  elongation  contributes  largely  to  the  total  volume  change  and 
at  a  stage  when  the  external  pressure  is  sub-diastolic,  such  would  tend  to 
obscure  the  sharpness  of  the  alteration  determined  by  the  beginning  (or 
ending)  of  flattening  of  the  tube. 

In  the  case  of  a  non-distensible  tube,  where  the  volume  oscillations 
are  due  to  various  degrees  of  flattening  between  the  beats,  there  would 
naturally  be  no  very  sharp  and  striking  change  at  any  phase,  but  rather 
a  progressive  alteration  in  size.  (Fig.  18.)  The  beginning  of  the  flattening 
would  of  course  be  nearer  the  diastolic  pressure  than  the  subsequent  phases. 

In  a  tube  showing  virtually  only  changes  in  length  at  the  pulse-beats 
there  would  be  a  graduation  in  the  volume  changes  at  different  external 
pressures — no  sudden  point  of  alteration. 

With  an  artery  relatively  inelastic,*  but  not  absolutely  so,  the  conditions 
are  complex.  There  are  many  possibilities,  according  to  the  degrees  in 
which  the  volume  changes  are  contributed  to  by  changes  in  length,  flattening 
of  the  tube  or  change  from  the  diastolic  to  the  zero  position,  the  last  named 
obviously  depending  on  the  extent  to  which  the  artery  is  distended  by  the 
diastolic  pressure  before  the  external  pressure  is  applied. 

Again,  the  character  of  the  arterial  wall  comes  in  question — as  to 
whether  it  is  not  only  relatively  inelastic  as  regards  distensibility,  but  offers, 
or  does  not  offer,  marked  resistance  to  flattening.  In  the  latter  instance 
there  might  be  a  sudden  and  marked  alteration  in  the  oscillation  values 
at  the  point  where  the  slight  volume  changes  dependent  on  the  alterations  of 
the  little  distended  circular  tube  from  the  diastolic  to  the  zero  position  are 
suddenly  augmented  by  the  relatively  large  displacements  associated  with 
flattening  of  an  easily  compressible  tube. 

In  a  very  distensible  artery  there  will  be  relatively  large  oscillations, 
as  the  external  pressure  is  raised  before  any  flattening  occurs  ;  the  amplitude 
of  the  oscillation  up  to  that  point  is  indeed  a  measure  of  the  distensibiUty 
of  an  artery,  showing  the  extent  to  which  it  is  distended  by  the  diastolic 
pressure  within  it. 

If  the  arterial  wall  offers  much  resistance  to  flattening  and  the  increments 
or  decrements  of  external  pressure  are  small,  the  latter  may  be  insufficient 

*  We  mean  by  this  term  vessels  of  defective  distensibility  that  are  relatively  little  affected 
in  transverse  diameter  by  the  blood-pressxrre. 
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Fig.  17.  Carotid,  ox,  contracted.  A  series  of  oscillations  is  seen,  showing  approxiinately 
maximal  size  over  a  considerable  range  of  external  pressures  (marked  below  the  tracing), 
with  no  point  of  sudden  alteration  in  oscillation  magnitude. 


Fig.  18.  In  this  experiment  different  degrees  of  flattening  were  produced  in  a  practically 
non-distensible  artery  by  rises  of  external  pressure  ;  the  first  phase  (50  mm  external 
pressure)  was  attended  by  slight  flattening,  which  increased  in  amount  as  the  external 
pressure  was  raised.  The  gradual  character  of  the  changes  in  oscillation  magnitude  is 
evident.  The  lowering  of  the  distal  diastolic  pressures,  under  the  influence  of  the  raised 
external  pressure,  is  gradual  in  this  case. 


Fig.    19       The  change  in  oscillation  magnitude  at  different  external  pressures  is  a  gradual  one. 
No  fall  in  the  distal  pressures  is  seen.     This  artery  is  in  the  relaxed  state. 
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to  cause  any  sudden  and  marked  alteration  in  the  series  of  volume  changes, 
at  the  beginning  of  the  process  of  flattening,  the  increment  (or  decrement) 
being  insufficient  to  effect  the  change  between  the  zero  and  the  half-flattened 
positions,  but  only  to  carry  it  to  an  intermediate  phase,  involving  a  more 
gradual  modification  in  amplitude. 

Again,  if  the  artery,  subjected  to  external  pressure,  is  unequally  resistant 
along  its  course  the  necessary  degree  of  flattening  may  be  more  or  less 
gradually  developed  along  its  length. 

Erlanger  experimenting  with  tuljcs  of  peritoneal  membrane  associated 
the  persistence  of  approximately  maximal  oscillation  over  a  considerable 
range  of  extra-vascular  pressure  with  the  indistensible  character  of  such 
tubes  ;  and  Janeway  had  noted  a  similar  persistence  in  cases  with  sclerosed 
arteries  or  high  blood-pressure. 

In  our  experiments  we  have  obtained  a  great  extension  of  the  period 
of  practically  maximal  oscillation  not  only  in  non-distensible  arteries  (not 
constant  in  them)  but  also  in  highly  distensible  relaxed  arteries.     (Fig.  16.) 

It  is  to  be  borne  in  mind  that  in  obtaining  oscillations  from  a  limb  by 
means  of  the  armlet  the  conditions  are  by  no  means  wholly  identical  with 
those  present  when  a  single  artery  is  tested  ;  in  the  limb  the  various  arteries 
of  different  sizes  and  with  different  pressures  and  phases  of  maximum 
oscillation  contribute  in  varying  degrees  to  the  total  volume  changes  recorded 
by  the  apparatus. 

Relation  of  maximum  oscillation  to  the  mean  pressure. 
The  phase  of  maximum  oscillation  has  no  necessary  or  constant  relation 
to  the  mean  pressure  within  the  artery.  Under  certain  conditions  there 
may  be  a  rough  correspondence  between  the  mean  pressure  and  the  external 
pressure  needed  to  ehcit  the  maximum  oscillation.  But  as  a  rule  this  is  not 
the  case.  Neither  the  lowest  level  at  which  the  oscillation  is  approximately 
maximal  nor  the  mid-point  of  that  period  is  a  guide  to  mean  pressure,  though 
the  latter  is  much  nearer  it  than  the  former. 

Relation  of  our  results  to  the  view  at  present  accepted. 

Our  findings  in  regard  to  the  mechanism  of  maximum  oscillation  are 
subversive  of  the  xiew  at  present  accepted.*  According  to  that  view  the 
oscillations,  largest  when  sufficient  external  pressure  has  been  applied  to 
neutralise  the  internal  diastolic  pressure  and  bring  the  vessel  into  the  zero 

*  Many  years  ago  Roy  and  Adami  thought  that  a  pulse  wave  of  30  mm.  Hg.  would  produce 
the  greatest  change  in  the  cubic  contents  of  a  portion  of  artery  if  at  each  pulse-beat  the  artery 
is  alternately  collapsed  and  opened  out.  They  regarded  the  external  pressure  necessary  to  cause 
eoUapse  of  a  radial  artery,  after  excision,  as  being  so  small  as  to  be  safely  negligible  in  the  present 
connection. 

Erlanger  from  direct  observation  of  a  rubber  tube  subjected  to  external  pressure  concluded 
that  the  maximum  oscillation  occurred  when  the  relations  of  external  and  internal  pressiu-e 
were  such  that  with  each  pulse  wave  the  tube  opened  out  to  almost  its  full  extent  and  at  the  end 
of  diastole  the  walls  just  met. 
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position,  decline  with  raising  or  lowering  of  the  external  pressure  from  the 
optinuim  level.  In  the  former  case  the  external  pressure  becoming  higher 
than  the  diastolic  pressure  tends,  as  Howell  puts  it,  to  overcome  the  stiffness 
of  the  arterial  wall  ;  the  pulse  wave  then  has  an  excess  of  pressure  on  the 
outside  to  overcome,  and  this  is  beheved  to  involve  a  diminution  in  the 
oscillation  volume,  the  movement  of  the  arterial  wall  being  less  extensive 
in  proportion  to  the  excess  of  pressure  on  the  outside,  &c.  On  the  other 
hand,  with  a  falling  external  pressure  only  partially  neutralising  the  diastolic 
pressure  the  lessening  of  the  volume  of  the  circular  tube  by  the  external 
pressure  between  the  beats  is  insufficient  to  allow  of  the  maximum  range 
of  systoHc  expansion  ;  hence  lessened  excursions.  But  there  is  nothing 
here  to  explain  the  sudden  decline  from  the  maximum  which  often  occurs 
and  serves  as  the  Recklinghausen-Erlanger  index  ;  in  accordance  witli  the 
known  elastic  properties  of  the  arterial  wall  the  decline  ought  to  be  a  gradual 
one,  depending  on  gradual  alterations  in  the  amount  of  expansion  of  the 
circular  tube,  such  as  are  found  experimentally  when  an  artery  is  tested  with 
definite  increments  or  decrements  of  internal  pressure. 

According  to  our  view  the  maximal  oscillation  only  occurs  when  the 
artery  is  flattened  between  the  pulse  beats  to  a  very  considerable  extent, 
e.g.,  to  half-flattening  in  an  easily  distensible  tube,  to  complete  or  nearly 
complete  flattening  in  a  non-distensible  one. 

A  higher  external  pressure  causes  diminished  oscillation,  by  producing 
excessive  flattening  in  a  distensible  artery  and  opposing  too  much  resistance 
to  systolic  expansion.  A  lowered  external  pressure  fails  to  cause  any 
distortion  of  the  circular  tube  between  the  beats  ;  the  systolic  expansion  is 
represented  by  increased  distension  of  that  tube  and  is  sub-maximal.  Often 
the  change  between  the  latter  form  of  expansion  and  that  compounded  of 
such  expansion  and  the  opening  up  of  a  partially  flattened  tube  is  sliarply 
marked  and  in  our  view  constitutes  the  real  basis  of  the  Recklinghausen- 
Erlanger  index. 

But  according  to  this  interpretation  the  index  ought  not  to  be  the  usual 
one  of  taking  the  lowest  level  at  which  oscillation  is  maximal,  but  the  level 
at  w  hich  the  markedly  diminished  excursions  are  first  obtained  ;  at  this  level 
the  external  pressure  balances,  more  or  less  exactly,  the  internal  diastolic, 
but  does  not  exceed  it  sufficiently  to  cause  distortion  of  the  circular  tube. 
In  many  of  our  experiments  we  have  found  this  index  to  approach  more 
closely  to  tlie  actual  diastolic  pressures  in  the  artery. 

PART  II. 
THE    AUSCULTATORY    OR    AUDITORY    METHOD. 

The  auscultatory  method  of  estimating  blood-pressure  proposed  by 
Korotkoffi^  of  St.  Petersburg  in  1905  has  received  comparatively  Httle 
attention  in  this  country — much  less  than  in  Germany. 
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Oliver-'  has  described  the  method  and  devised  a  convenient  tambour 
for  use  instead  of  a  stethoscope. 

As  far  as  systolic  estimation  is  concerned,  all  observers  who  have 
worked  w  ith  this  method  seem  to  be  pretty  well  agreed  that  it  3nelds  accurate 
indications  ;  most  observers  find  it  more  precise  than  the  ordinary  tiictile 
method,  though  Gibson  thinks  that  it  cannot  replace  the  latter. 

In  regard  to  diastolic  pressure  there  is  much  uncertainty  as  to  the 
indications  yielded  by  this  method.  There  are  conflicting  views  as  to  which 
phase  is  to  be  regarded  as  the  diastolic  index.  Thus  Ettinger*  regards  the 
disappearance  of  all  sounds  when  the  armlet  pressure  is  gradually  lowered 
as  corresponding  to  the  minimal  or  diastolic  pressure,  while  Fischer'  believes 
that  the  latter  is  indicated  by  a  change  in  the  character  of  the  sound  (from 
clear  to  dull)  some  distance  above  the  point  of  disappearance. 

Oliver,  while  disposed  to  regard  the  lower  limit  of  the  sound  as  the 
diastoUc  index,  says  that  there  is  not  the  same  assurance  on  this  point  as  in 
regard  to  the  systolic  index. 

Lauder  Brunton-  says  that  the  diastolic  pressure  may  correspond  to  the 
level  of  a  rising  external  pressure  at  which  the  sound  appears  loudly — the 
point  where  the  sound  increases  being  generally  sharply  marked — to  disappear 
or  at  least  become  much  feebler  at  a  higher  level  ;  or  on  the  other  hand, 
that  the  true  diastolic  pressure  may  correspond  with  the  loudest  intensity 
of  the  sound.  He  remarks  that  experiments  on  animals  or  on  a  schema  are 
needed  to  determine  what  relation  the  sudden  increase  of  the  sound  on 
raising  the  external  pressure  bears  to  the  diastolic  pressure. 

There  is  not,  as  far  as  we  are  aware,  an  investigation,  under  precise 
experimental  conditions,  of  the  auscultatorj'  manifestations  in  relation  with  : 

(a)  accurately    measured    internal    pressures    (systolic    and    diastolic), 
taken  on  both  the  proximal  and  the  distal  side  of  the  artery  ; 

(6)  direct  observation  of  the  behaviour  of  the  arterial  walls  ;   and 

(c)  the    varying    degrees    of    oscillation    in    arterial    volume    (maximal 
pulsation,  &c.). 

Character  of  the  sounds. 

Between  the  upper  and  the  lower  limits  of  the  sound  production  very  marked  variations 
in  character  and  intensity  are  recognisable,  and  these  show  considerable  differences  in  various 
circulatory  conditions. 

Ettinger  described  five  phases  during  the  lowering  of  the  external  pressure  from  above  the 
obliteration  point. 

(1)  The  beginning  of  the  sound  in  the  form  of  a  clear-cut  soiind  occurring  in  the  systolic 

phase,  and  serving  as  an  index  of  systolic  pressure,  beginning  with  the  passage  of  the 
first  waves  of  blood  tlirough  tlie  art<>ry  under  the  armlet. 

(2)  A  murmur  of  variable  duration  replacing  the  first  sound. 

(3)  A  clear  sound,  replacing  the  murmur. 

(4)  A  transformation  of  the  clear  soiuid  into  a  duU  one,  this  change  sometimes  being  sharply 

defined,  at  otlier  times  more  graduMl. 

(5)  Disappearance  of  sound. 

Kr_\loff  had  pre\iously  given  an  account  of  the  first  three  pliases  only.  Gittings'  "  experience 
agreed  w  ith  that  uf  Ettinger. 
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Oliver  doscrihes  four  succossivo  phases  between  the  appearance  and  disappearance  of  the 

sound  or  throl),  cliaracterise  I  by  (1)  sliarpness,  (2)  inurmurishness,  (3)  loxidnoss,  and  (4)  duHness. 

We  find  that  an  essentially  similar  series  of  sounds  can  bo  studied  on  an  experimental  schema. 

Views  as  to  the  production  of  the  sounds. 

Oreat  importance  has  been  attached  in  this  connection  to  what  occurs  in  the  artery  below 
the  seat  of  cnnipressitMi  by  Korotlioff  and  ntlier  observers.  According  to  KorotkofT  tlie  lower 
portion  of  the  brachial  artery  is  relaxed*  while  the  artery  higher  up  is  obliterated  by  the  armlet, 
an<l  when  the  first  blood-waves  come  through  (on  lowering  the  armlet  pressure)  the  sudden 
stretching  of  the  artery  lower  domi  causes  the  production  of  sounds. 

KrylofTt  describes  the  first  sound  a,s  the  loudest,  and  puts  this  down  to  the  smallness  of  the 
linnen  in  the  artery  under  the  armlet  at  this  phase,  and  the  consequent  rapidity  of  the  blood-current 
through  it ;  this  he  looks  upon  as  favouring  a  sudden  stretching  of  the  walls  of  the  vessel  below 
the  armlet. 

Ettinger  considers  the  vibration  to  be  more  pronounced  in  the  third  phase  and  ascribes 
this  to  the  larger  volume  of  blood  passing  under  the  armlet,  though  with  diminished  rapidity, 
at  this  period, 

Ehret  regards  the  suddenness  of  the  distension,  and  not  the  amplitude  of  the  pulse-wave, 
as  essentially  affecting  the  intensity  of  the  soimds.  The  speedy  diminution  of  the  sounds  below 
the  armlet  is  attributed  to  the  less  complete  emptying  of  the  artery. 

To  the  suggestion  that  the  soimds  are  really  transmitted  heart  soimds,  KrylofI  opposed 
the  consideration  that  all  sounds  disappear  when  the  armlet  pressure  is  lowered  beyond  a  certain 
point. 

Oittings  favours  the  view  that  the  sudden  stretching  of  the  relaxed  vessel  wall  is  the  cause 
of  the  first  sound.  He  al.so  attaches  much  importance  to  the  size  and  accessibility  of  the  artery, 
being  able  to  hear  the  sound  only  in  exceptional  instances  and  only  for  a  short  time  over  the 
radial  or  ulnar  artery  when  the  armlet  was  applied  to  the  forearm.  He  also  reganls  the  resonating 
character  of  the  armlet  as  a  very  important  factor,  finding  that  with  simple  compression  by  an 
Esmarch  Ijandage  the  sounds  are  not  as  a  rule  audible. 

Oliver  thinks  that  sound  is  developed  when  the  external  pressure  falls  below  the  obliteration 
point  from  jets  of  blood  being  projected  through  a  narrowed  lumen  into  comparatively  emjity 
vessels,  their  impact  against  the  relaxed  walls  being  audible  as  a  throb.  He  ascribes  the  variations 
in  the  quality  of  the  tlirob  to  different  amounts  of  blood  in  the  relatively  collapsed  arteries,  the 
varying  calibre  of  the  lumen  compressed,  and  variations  in  the  rapidity  of  the  current. 

Experiments  with  a  circulatory  schema. 

In  order  to  study  the  auscultatory  phenomena  and  their  relationships 
with  internal  pressures,  oscillation  of  the  arterial  walls,  &c.,  we  have  employed 
an  arrangement  similar  to  that  described  with  regard  to  the  maximum 
oscillation  method.  The  rotating  tap  already  mentioned  was  always  used 
in  these  experiments  to  give  the  pulsatile  flow  ;  in  this  way  the  danger 
of  confusion  from  sounds  produced  by  a  pump  or  the  valves  of  a  syringe,  &c., 
was  avoided. 

Distally  to  the  compression  tube  and  quite  close  to  it  a  piece  of  relaxed 
carotid  (sheep)  was  often  interposed  and  the  auditory  tambour  or  phonendo- 
scope  applied  over  it.  In  other  cases  the  sounds  were  listened  for  over  the 
glass  tube  emerging  through  the  rubber  cork  at  the  distal  end  of  the 
compression  tube.  The  sheep's  carotid  was  most  commonly  used  in  the 
compression  tube  ;  the  horse's  metacarpal  and  the  carotids  of  the  ox  and 
horse  being  also  tried.  The  former  two  were  found  to  be  the  most  suitable, 
especially  the  first. 

*  The  term  "  relaxed  "   here  presumably  means  an  undistended  condition  of  the  artery, 
not  an  inactive  condition  of  the  arterial-muscle — the  strict  meaning  of  the  word  ""  relaxed." 

•f  Quoted  in  Gittings'  paper  (Arch,  of  internal  Medicine,  1912,  vi,  19G).      We  have  not  beca 
able  to  see  Kryloff's  original  communication. 
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With  an  artery  (e.g.,  carotid  of  sheep)  in  the  compression  tube  under 
accurately  known  conditions  of  internal  and  external  pressure  we  have 
correlated  (a)  the  visible  changes  (alterations  in  form,  vibration,  &c.),  in  the 
vessel  with  (fe)  the  sound  production  in  different  circumstances,  while  making 
simultaneous  observations  of  (c)  the  pulsatory  volume  oscillation  (by  graphic 
records)  and  (rf)  of  the  occurrence  of  thrill,  &c. 

On  gradually  raising  the  external  pressure,  so  as  to  cause  progressive 
diminutions  in  the  size  of  the  artery  from  the  original  distension  by  the 
diastolic  pressure  to  the  zero  position,  no  sounds  are  audible  ;  during  this 
period  the  volume  oscillations  are  gradually  augmenting,  but  are  still 
markedly  short  of  the  maximal  size.  It  is  only  when  the  external  pressure 
is  further  raised  so  as  to  cause  some  visible  flattening  of  the  circular  tube 
in  the  diastoUc  intervals  that  a  sound  occurs  with  each  pulse-beat  (lower  limit). 
At  this  point  the  volume  oscillations  are  still  far  from  maximal.  Progressiv^e 
augmentation  of  the  external  pressure  leads  to  more  extensive  flattening 
and  increased  loudness  of  the  sound,  then  the  development  of  a  murmur, 
the  substitution  of  a  single  sound  for  the  murmur,  and  finally  the  disappear- 
ance of  this  sound  (upper  limit).  The  phases  of  the  maximum  intensity  of 
the  sound  or  murmur  are  associated  with  extensive  flattening,  with  very 
obvious  vibrations  of  the  arterial  walls  (often  with  a  sensation  of  thrill  on 
palpation)  and  large,  it  may  be  maximal,  volume  oscillations.  The  extinction 
of  the  sound  is  seen  to  coincide  with  a  condition  of  complete  flattening  and 
obliteration,  present  even  during  systole,  and  attended  by  a  great  diminution 
of  the  volume  oscillations. 

On  lowering  the  pressure  from  above  the  obliteration  point  the  same 
series  of  changes  in  reversed  order  presents  itself.  The  sound  begins  as  soon 
as  a  certain  amount  is  forced  through  the  compressed  area  at  each  systole, 
this  being  attended  by  a  more  or  less  marked  increase  of  volume  oscillation — 
the  Erlanger  systolic  index.  The  lower  limit  of  the  sound  is  found  to 
coincide  with  the  phase  where  the  external  pressure  has  been  lowered  to  such 
a  point  that  it  just  fails  to  cause  any  obvious  effect  in  distorting  the  circular 
form  of  the  tube  in  the  diastohc  intervals.  The  plan  of  following  the  changes 
from  above  downwards  is  to  be  preferred  in  the  application  of  the  auditory 
method,  for  in  this  way  it  is  commonly  possible  to  follow  the  sounds  down- 
wards to  a  lower  level  of  the  falling  external  pressure,  than  when  one  listens 
for  the  beginning  of  the  sound  with  a  rising  external  pressure. 

It  is  quite  clear  that  the  sound  production  at  its  loAver  limit  occurs  when 
the  external  pressure  exceeds  the  internal  diastolic  pressure  by  the  amount, 
generally  very  small,  required  to  cause  shght  flattening,  an  amount  decidedly 
less  than  is  needed  to  produce  the  more  extensive  distortion  associated  with 
maximum  oscillation,  with  the  associated  murmur,  thrill,  &c.     (Fig.  20.) 

For  example,  with  proximal  pressures  of  100  mm.  systolic  and  64 
diastolic  and  distal  pressures  of  80  mm.  systoUc  and  60  diastolic,  the  sound 
was  heard  distinctly  while  the  external  pressure  was  at  64  mm.,  but  was  not 
audible  when  the  external  pressure  had  been  lowered  to  62. 
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Fig.  20.  The  maximum  oscillation,  attended  by  a  loud  murmur,  occurred  with  an  external 
pressure  much  (10-18  mm. )  above  the  internal  diastolic  pressure  as  measured  manometrically 
and  indicated  accurately  by  the  disappearance  of  the  sound.  External  pressures  mtirked 
above  the  tracing. 

The  evidence  available  from  various  sources  renders  it  certain  that  the 
mid-point  of  the  period  of  approximately  maximal  oscillation  does  not  afford 
any  correct  indication  of  the  internal  diastoUc  pressure.  It  is  as  a  rule 
decidedly  too  high  ;  in  very  many  cases  the  over-estimate  is  an  extensive  one. 
The  auscultatory  index  (lower  hmit  of  the  sound)  is  always  lower  and 
corresponds  more  nearly  with  the  sudden  decline  in  oscillation  magnitude, 
when  such  occurs  in  a  sufficiently  marked  and  characteristic  form  to  yield 
rehable  indications. 

The  auditory  diastohc  index  comes  decidedly  below  the  level  of  external 
pressure  at  wliich  marked  disturbance  of  the  distal  pressure — in  relation  to 
the  proximal  pressure — occurs  as  already  described  when  deahng  with  the 
maximal  oscillation.  The  absence  of  this  comi^hcation  renders  it  possible 
in  a  schema  to  correlate  the  relations  of  sound  and  the  intravascular  pressures 
more  accurately. 

Production  of  the  sounds. 

As  has  already  been  stated  great  importance,  in  regard  to  the  production 

of  the  sound,  has  been  attached  by  observers  to  the  behaviour  of  the  brachial 
artery  below  the  compressed  area — the  sudden  distension  of  a  more  or  less 
lax  artery.  But  we  find  that  on  gradually  raising  the  external  pressure  the 
sound  begins  when  the  artery  is  only  shghtly  flattened,  so  that  there  is  no 
appreciable  interference  with  the  flow  through  it  and  no  change  in  the 
systohc  or  diastohc  pressures  in  the  artery  beyond.  Hence  there  is  at  this 
time  nothing  to  cause  imperfect  filling  of  a  lax  artery  beyond,  with  the 
possibihty  of  sudden  distension  at  the  systohc — beyond  the  ordinary  systohc 
distension  which  takes  place  in  any  artery  with  no  external  pressure  apphed, 
and  in  which  no  sound  is  j^roduced.  The  same  holds  good  in  regard  to  the 
sound  production  near  its  lower  hmit,  when  the  external  pressure  is  gradually 
lowered. 
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When  using  an  artery  in  the  compression  tube  in  the  way  described, 
with  no  piece  of  artery  on  the  distal  side,  but  the  phonendoscope  or  tambour 
apphed  over  the  glass  tube  issuing  from  the  artery  in  the  compression  tube, 
we  find  that  the  sounds  are  perfectly  well  developed  and  characteristic — 
a  fact  which  controverts  the  idea  of  the  essential  importance  of  the  artery 
distally  to  the  comjiressed  area. 

Experiments  with  rubber  tubes  of  the  ordinary  kinds  we  used  were 
found  to  be  unsatisfactory  ;  with  special  thin-walled  tubing  the  result  might 
be  different.  Under  the  influence  of  different  heights  of  external  pressure 
in  the  compression  tube  or  armlet,  the  tube  showed  flattening  to  various 
extents  between  the  systoles  with  blowing  sounds,  &c.,  but  not  the  character- 
istic sound  production  ;  the  volume  changes  much  resembled  those  in  an 
extremely  resistant  and  non-distensilc  artery,  and  the  changes  in  the  internal 
pressures  (distal  especially)  were  similar.  Under  such  conditions  a  length 
(20  cm.,  &c.)  of  sheep's  carotid  (relaxed)  which  readily  gave  the  characteristic 
sounds  when  tested  in  the  compression  tube,  was  placed  distally  to  the 
compression  tube  and  close  to  it.  The  pressure  and  flow  in  this  distal  artery 
{i.e.,  the  artery  below  the  seat  of  compression)  was  markedly  affected  by  the 
action  of  certain  heights  of  external  pressure  on  the  rubber  tube  (obliteration, 
half-flattening,  &c.,  in  the  latter),  but  no  sound  was  audible  at  any  part  of 
it.  Sudden  variations  in  the  distension  of  this  artery  due  to  changes  in  the 
degree  of  compression  of  the  rubber  tube  were  not  accompanied  by  the 
characteristic  sounds. 

It  is  indeed  not  easy  to  conceive  how  such  sound  could  be  produced 
from  the  further  distension  of  an  elastic  artery  of  circular  form  any  more 
than  by  the  normal  systoUc  expansion  of  a  very  distensile  artery  (relaxed,  &c.) 
with  no  external  pressure  appUcd. 

Evidence  as  to  the  sound  production  is  also  obtainable  from  examination 
(in  man)  of  the  effects  of  compression  of  a  very  Umited  area  of  the  artery, 
instead  of  the  extended  compression  by  the  armlet.  We  find  that  the  sound 
is  quite  audible  though  relatively  feeble  when  suitable  pressure  is  apphed 
to  the  brachial  with  the  finger.  The  feebleness  of  the  sound  in  this  case  is 
ojJi^osed  to  the  current  view  of  the  sound  production.  For  if  the  condition 
of  the  artery  on  the  distal  side  ("  empty  "  or  lax,  undistended,  &c.),  is  the 
essential  point,  the  sound  ought  to  be  well  developed,  the  condition  of  the 
distal  artery  being  capable  of  being  affected  in  the  same  way  by  compression 
higher  up,  whether  it  is  by  the  armlet  or  the  finger — the  blood-stream 
reaching  the  distal  artery  is  similarly  affected  in  both  cases.  The  great 
influence  of  the  length  of  artery  subjected  to  compression  points  to  the 
importance  of  that  area  as  the  seat  of  sound  production. 

With  reference  to  the  possible  influence  of  the  air  in  the  armlet  as  a 
resonating  medium,  to  which  much  importance  has  been  attached  by 
Gittings,  we  find  that  the  sounds  arc  quite  well  marked  when  the  artery  in  the 
compression  tube  is  not  in  relation  with  an  air  cushion  at  all,  the  whole 
space  around  the  artery  and  the  tubes  connected  with  the  compression  tube 
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being  entirely  filled  with  liquid.  The  loud  murmur  attended  by  very 
obvious  vibration  of  the  arterial  walls,  occurs  with  a  suitable  external  pressure 
under  these  circumstances  in  characteristic  fasliion. 

As  regards  the  timing  of  the  sounds  we  find  that  the  position  of  the 
latter  in  the  cycle  of  changes  at  each  pulse-beat  may  under  certain 
circumstances  vary  considerably,  sometimes  coming  early  in  the  systohc 
phase,  sometimes  much  later — towards  the  end  of  this  phase,  &c. 

In  addition  to  a  study  of  the  phenomena  observable  during  the  succession 
of  systohc  and  diastohc  phases  recurring  at  the  rates  of  pulsation  (60,  80, 
&c.,  per  min.)  we  have  tried  the  effects  of  maintaining  these  phases  for 
longer  jjeriods,  the  stream  being  more  or  less  suddenly  turned  on  and  kept 
flowing  for  some  time,  then  turned  off  with  varying  degrees  of  suddenness  ; 
in  this  way  it  can  be  tested  whether  the  sounds  are  due  to  a  sudden  rise  or  a 
sudden  fall  of  internal  pressure  setting  up  vibration  in  the  arterial  walls,  &c.  ; 
various  levels  of  external  pressure  are  maintained  during  these  observations. 

It  was  found  that,  with  a  suitable  external  pressure,  the  sound  is 
generally  jjroduced  when  the  pressure  is  turned  on,  i.e.,  at  the  systolic  phase, 
though  with  certain  arrangements  in  the  experimental  schema  we  noted  the 
production  of  sound  in  the  diastolic  phase. 

Under  certain  conditions  sound  is  not  only  audible  when  the  pressure 
is  turned  on,  but  persists  as  a  continuous  murmur  as  long  as  the  stream  is 
kept  flowing  through  the  artery,  while  a  certain  level  of  external  pressure 
is  kept  up  ;  lowering  of  the  external  pressure  causes  the  murmur  to  be 
replaced  by  a  single  sound  when  the  internal  pressure  is  turned  on.  With  too 
low  or  too  high  an  external  pressure  no  sound  is  heard.  The  murmur 
varies  markedly  in  pitch,  being  of  higher  pitch  with  a  higher  external  pressure. 
Accompanying  the  murmur  there  is  a  remarkable  amount  of  thrill  which  can 
be  felt  with  the  hand  applied  to  the  compression  tube  or  to  one  of  the  tubes 
leading  to  or  from  the  artery.  Active  vibration  of  the  arterial  walls  is 
very  obvious  on  direct  inspection,  and  is  plainly  e\'ident  in  the  column  of 
fluid  in  a  vertical  glass  tube  connected  with  the  stream  distally  to  the 
compression  tube.  The  rate  of  oscillation  of  the  fluid  in  the  vertical  tube 
alters  strikingly  with  the  variations  in  the  pitch  of  the  murmur  ;  this  is 
determined  by  changes  in  the  height  of  the  external  pressure  within  certain 
limits. 

These  facts  recall  the  vibratory  or  purring  sensation  that  can  often 
be  recognised  with  the  hand  appUed  over  some  of  the  larger  arteries  in 
cases  of  aortic  regurgitation. 

Indication  of  arterial  distensibility. 

As  the  declension  of  the  sound  serves  as  a  guide  to  the  beginning  of 
appreciable  flattening  it  is  evident  that  an  indication  of  the  distensibihty 
of  an  artery  is  afforded  by  the  extent  of  the  oscillation  elicited  in  presence 
of  a  fair  systoUc  wave — by  raising  the  external  pressure  to  the  level  at  which 


186  MAC  WILLI  AM    AND    MELVIN. 

the  auditory  diastolic  index  is  obtained.  The  possible  oscillation  range  up 
to  that  point  varies  with  the  extent  to  which  the  arterial  volume  has  been 
enlarged  by  the  internal  diastohc  pressure  before  the  external  pressure  was 
appUed.  Of  course  the  amount  of  the  distending  force  at  each  beat  as 
indicated  by  the  jiulse-pressure  is  an  essential  factor  in  this  connection  ;  a 
pulse-pressure  of  higher  value  than  that  of  the  original  diastohc  pressure 
will  cause,  under  chnical  conditions,  expansion  beyond  the  diastohc  position. 
The  amount  of  this  wiU  vary  according  as  the  artery  j^ields  much  or  little 
to  the  further  increase  of  pressure  ;  this  will  be  influenced  by  the  height  of 
the  diastohc  pressure  and  the  amount  of  distension  produced  by  it,  for  an 
artery  already  much  distended  by  a  high  diastohc  pressure  will  yield 
proportionately  little  to  a  further  (systohc)  rise  of  pressure. 

We  have  made  observations  of  this  kind  both  under  chnical  conditions 
and  with  excised  arteries. 

^4   modification  of  the  compression  tube  method. 

The  advantages  of  the  compression  tube  method  are  obviously  great, 
the  behaviour  of  the  artery  under  different  external  pressures  being  open 
to  direct  inspection,  while  the  volume  changes  are  recorded  graphically, 
the  sounds  heard,  the  internal  pressures  measured,  &c.  But  there  is  one 
point  of  notable  difference  from  the  conditions  present  when  an  armlet  is 
applied  to  a  human  limb  in  the  usual  way,  inasmuch  as  in  the  compression 
tube  the  ends  of  the  artery  are  tied  on  rigid  (glass)  tubes,  which  keep  them 
open  even  when  the  rest  of  the  vessel  is  more  or  less  completely  closed  by  a 
high  external  pressure.  Of  course  in  a  limb  the  arterj-  outside  the  area  of 
compression,  proximal  and  distal  to  the  armlet,  remains  open,  but  there  is 
not  the  same  rigidity  at  the  junction  of  the  compressed  and  the  non-compressed 
(circular)  portions  of  the  tube.  As  it  is  plain  from  direct  inspection  of  the 
artery  in  the  compression  tube  that  at  certain  phases  the  movements  of  the 
arterial  walls  are  specially  extensive  and  vigorous  near  the  ends  it  is  very 
possible  that  an  important  influence  on  sound  production  may  be  exercised  by 
those  portions  of  the  vessel  under  the  special  conditions  in  which  they  are 
placed. 

A  method  of  chminating  this  possibly  disturbing  influence  of  the  glass 
tubes  is  to  use  an  arterj^  which  has  been  prepared  in  a  special  way.  Its 
distal  and  proximal  ends  where  tied  on  the  glass  tubes  are  treated,  for  a 
distance  of  about  a  centimetre,  with  formahn,  and  thus  rendered  much  more 
resistant  than  the  rest  of  the  vessel,  with  the  result  that  when  the  external 
pressure  is  gradually  raised  the  main  part  of  the  artery  becomes  flattened, 
while  the  terminal  portions  still  remain  circular,  the  latter  corresponding 
in  this  respect  to  the  artery  below  (or  above)  the  armlet  in  ordinary  blood- 
pressure  estimations  in  man.  The  movements  (flattening  and  recovery) 
of  the  artery  in  the  compression  tube  are  in  this  way  removed  some  distance 
from  the  ends  of  the  glass  tubes  and  uncomphcated  by  the  possible  influence 
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of  the  x^hysical  conditions  associated  with  the  direct  attachment  of  the 
moving  arterial  walls  to  the  rigid  tube. 

When  tested  in  this  way  the  auditory  method  yielded  very  definite 
results.  The  sounds,  though  weaker  and  differing  somewhat  in  character 
from  those  heard  by  the  first  described  method,  presented  the  essential 
features  of  well-defined  upper  and  lower  limits  with  an  intervening  murmur 
phase,  &c.  The  upper  hmit  served  well  as  a  systolic  index,  and  the  lower 
quite  as  well  as  a  diastohc  index,  yielding  definite  indications  of  the  actual 
internal  pressures  as  measured  manometrically. 

When  an  arrangement  of  this  sort  was  used  a  modification  was  sometimes 
made  by  adding  a  length  of  artery  (12-14  cm.,  &c.)  on  the  distal  side  of  the 
compression  tube,  to  represent  the  continuation  of  the  human  artery  distally 
to  the  armlet.  The  added  length  of  artery  had  previously  been  tested  in  the 
compression  tube  in  the  usual  way  and  found  to  give  the  characteristic 
sounds  in  very  marked  fashion.  This  dist ally-placed  artery  underwent 
marked  changes  when  the  artery  in  the  compression  tube  was  subjected  to 
sufficient  external  pressure.  But  either  no  sound,  or  no  intensification  of  the 
sound  already  found  to  be  produced  in  the  compression  tube,  could  be  heard, 
when  one  Ustened  over  the  early  part  of  the  distally-placed  artery. 

There  was  not  the  sUghtcst  indication  of  sound  production  distally  to 
the  compression  tube,  though  the  artery  placed  there  was  undergoing 
changes  in  internal  pressure  very  similar  to  those  present  in  a  human  artery 
distally  to  the  armlet.  Sounds  heard  at  the  beginning  of  this  artery  were 
much  less  pronounced  than  those  heard  over  the  short  glass  tube  connecting 
the  artery  placed  within  the  compression  tube  with  the  distally-placed 
length  of  artery  ;  sound  heard  at  the  beginning  of  the  latter  was  evidently 
transmitted  from  the  artery  in  the  compression  tube  and  rapidly  faded  away 
on  hstening  a  little  further  along  the  vessel  in  the  distal  direction. 

The  indisputable  fact  that  closure  of  the  artery  on  the  distal  side  of  the 
armlet  and  some  httle  distance  away  abolishes  the  sounds  has  been  construed 
in  favour  of  the  current  view  of  sound  production.  Ehret,  for  example, 
contends  that  in  this  condition  the  changes  in  the  artery  actually  com})ressed 
by  the  armlet  are  much  the  same  as  usual,  while  those  in  the  distal  portion 
of  the  artery  distally  are  much  modified  ;  he  regards  this  as  proving  that  the 
seat  of  the  normal  sound  production  is  in  the  distal  j^ortion. 

Our  own  observations  upon  arteries  (examined  in  the  compression  tube 
in  the  way  described)  have  shovv'n  that  when  the  artery  is  closed  on  the  distal 
side  the  changes  in  the  part  subjected  to  external  comijression  are  influenced 
notably  and  in  a  fashion  similar  to  the  distal  portion,  though  perhaps  not  so 
extensively. 

Further,  we  attach  great  importance  to  the  joresence  of  an  active  flow 
through  the  vessel  in  the  normal  process  of  sound  production  ;  the  absence 
of  flow  depending  on  distal  closure  of  the  artery  would  naturally  be 
accompanied  by  an  upset  of  the  conditions  in  which  the  ordinary  sound  is 
present. 
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The  current  reasoning  as  to  the  production  of  the  sounds  in  the  early 
part  of  the  artery  lying  distally  to  the  compressed  area  postulates  the 
occurrence  of  extensive  changes  in  tlus  part,  depending  on  the  inHuence  of 
compression  of  the  vessel  by  the  armlet  higher  up.  The  distal  artery  is 
assumed  to  be  more  or  less  collapsed,  and  then  the  sudden  distension  by  the 
pulse-wave  is  the  reputed  cause  of  the  sound.  In  regard  to  this  it  is  necessary 
to  bear  in  mind  that  the  conditions  are  very  different  near  the  lower  hmit 
of  sound  production  as  compared  with  the  higher  phases  (i.e.,  at  higher 
external  pressures  in  the  armlet).  When  the  compressing  pressure  is 
gradually  lowered  from  the  obhteration  level,  the  first  systolic  jets  of  blood 
forcing  through  the  compressed  area  enter  a  relatively  undistended  distal 
artery,  the  pressure  in  which  is  low,  being  the  residual  pressure  in  the  vessels 
of  the  part  of  the  limb  peripheral  to  the  occluding  armlet.  The  exact 
amount  of  such  residual  pressure  will  vary  according  as  the  armlet  has  been 
slowly  or  quickly  inflated  to  the  obhteration  point ;  in  the  former  case  the 
venous  return  will  be  obstructed  for  a  considerable  time  before  the  arterial 
inflow  is  arrested,  and  so  the  vessels  in  that  area  become  congested.  With 
rapid  inflation  the  residual  pressure  is  less.  But  in  any  case  there  is  such 
pressure  present  in  the  distal  portion  of  the  brachial  artery  as  to  keep  the 
tube  in  the  circular  form,  unless  in  presence  of  some  distorting  force  such  as 
traction  upon  its  ends  or  attachments  sufficient  to  cause  flattening  in  spite 
of  the  influence  of  the  internal  pressure.  It  is  difficult  to  beUeve  that  the 
sound  is  produced  b)'  the  sudden  distension  of  an  uncompressed  artery 
which  is  in  the  circular  form  ;  such  does  not  occur  in  a  relaxed  artery  under- 
going change  of  this  sort  under  the  influence  of  the  pulse-pressure,  apart 
from  the  presence  of  external  pressure.  If  sucli  is  the  genesis  of  the  sound  in 
question  why  should  an  ordinary  relaxed  artery  in  a  hmb  or  elsewhere  not 
give  similar  sounds  when  suddenly  distended  by  a  good  systohc  rise  ? 
Resonance  by  the  air  in  the  armlet  can  hardly  affect  sound  produced  in  the 
distal  artery,  whatever  it  might  do  in  regard  to  sounds  arising  in  the  length 
of  artery  compressed  by  the  armlet.  (See  also  p.  190.) 

Again,  if  sudden  distension  of  the  distal  artery  can  be  a  source  of  sound, 
is  there  any  good  ground  for  excluding  the  artery  compressed  by  the  armlet 
from  sound  production,  especially  when  rapid  changes  from  the  flattened 
to  the  circular  form  and  vice  versa  come  into  play — the  changes  that  are 
essentially  associated  with  sound  production  in  an  artery  enclosed  in  the 
compression  tube  as  already  described. 

Current  views  as  to  sound  production  in  the  distal  artery  based  on  the 
assumption  that  this  part  is  lax  and  undistended  obviously  fail  to  afford  any 
feasible  explanation  of  sound  production  at  and  near  its  lower  hmit.  For 
at  that  phase  it  is  quite  clear  from  our  experimental  evidence  that  the  pressures 
(systohc  and  diastohc)  in  the  distal  artery  are  not  influenced  by  the 
compressing  pressure  higher  uj) ;  there  is  no  obstruction  or  interference  with 
the  flow  through  the  compressed  area,  and  the  distal  artery  is  quite  in  its 
normal  condition  as  regards  distension,  &c.,  instead  of  being  las  or  undist«nded 
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or  relatively  empty  and  specially  susceptible  of  sudden  distension  by  the 
systolic  wave,  as  is  involved  in  the  current  hypothesis. 

9 

Experiments  on  excised  arteries  by  the  armlet  method. 

We  have  performed  such  experiments  in  addition  to  those  with  the 
compression  tube  as  already  described.  With  a  rising  external  pressure  the 
flattening  of  the  artery  begins  near  the  distal  end  and  the  movements  are 
most  active  there  while  the  external  pressure  is  raised  to  a  considerable 
distance  ;  near  the  systoUc  (obliteration)  level,  on  the  other  hand,  the 
movements  are  most  pronounced  near  the  proximal  end,  or  confined  to  that 
end.  In  the  intermediate  period  there  is  active  movement  (flattening  and 
recovery)  along  the  whole  length  of  the  vessel,  at  least  in  the  case  of  an 
artery  presenting  no  great  differences  in  resistance  along  its  length. 

We  have  embedded  a  length  of  artery  (e.g.,  20  cm.)  in  a  portion  of  an 
animal's  Umb  (ox,  &c.)  so  as  to  lie  in  relation  to  the  bone  much  as  the  brachial 
artery  is  in  relation  to  the  humerus  in  man.  The  armlet  was  tlien  applied 
in  the  usual  way.  The  artery  was  introduced  into  the  circuit  of  tlie  schema, 
the  compression  tube  being  omitted  ;  the  arrangement  of  the  proximal 
and  distal  manometers  was  the  same  as  before.  Auscultation  was  used  near 
the  emergence  of  the  artery  from  the  area  compressed  by  the  armlet. 

The  sounds  heard  with  this  arrangement  were  much  less  loud  than  with 
the  preceding  method  of  experiment,  and  somewhat  different  in  character, 
but  the  upper  and  lower  limits  of  the  sound  were  found  to  correspond  very 
closely  with  the  systohc  and  diastolic  levels  as  already  described. 

Definition  of  the  diastolic  index  in  man. 

During  gradual  lowering  of  the  armlet  pressure  from  the  region 
(intermediate  between  systohc  and  diastohc  pressures)  where  the  sound  is 
very  loud,  there  comes  at  a  certain  level  a  sudden  and  marked  alteration 
in  the  sound,  which  becomes  diminished  in  intensity  and  duller  in  character. 
This  alteration  may  be  succeeded  (1)  by  a  continued  persistence  of  the 
altered  sound  through  an  extensive  further  lowering  {e.g.,  20-30  mm.)  of 
the  armlet  pressure,  or  (2)  by  a  speedy  or  almost  immediate  extinction  of  the 
sound.  The  alteration  in  question  is,  as  we  have  evidence  to  show,  the  index 
of  diastolic  pressure.  In  other  words  the  diastolic  index  is  a  sudden 
declension  in  the  sound,  which  may  or  may  not  be  speedily  followed  by  its 
extinction.  Such  declension  occurs  when  the  armlet  pressure  is  no  longer 
sufficient  to  cause  distortion  of  the  arterial  tube  from  the  circular  form. 

In  very  many  healthy  persons,  in  a  majority  of  the  young  adults 
(students)  examined  in  a  quiet  room,  the  sound  was  found  to  persist  as  in 

In  a  young  adult  in  fair  health,  with  no  sign  of  aortic  regurgitation,  a  persistent  sound 
was  audible  over  the  bracliial  when  there  was  no  armlet  pressure  at  all  The  diastohc  index 
above-mentioned  was  distinctly  got  at  about  CO  mm. 
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(1)  to  excessively  low  levels,  retaining  the  character  of  a  dull  thud,  quite 
distinct  though  weak,  down  to  such  levels  of  armlet  pressure  as  28,  32  mm., 
&c.  Here  the  lower  limit  of  the  sound  is  obviously  no  indication  of  diastolic 
pressure,  but  is  very  far  below  the  latter. '  The  diastohc  index  is  afforded 
by  the  marked  change  from  a  sharii  to  a  duller  and  less  loud  sound  occurring 
at  a  much  higher  level  {e.g.,  60  mm.,  &c.). 

From  the  results  obtained  in  such  cases  it  is  clear  that  there  may  be 
conditions  in  the  human  subject  under  which  sound  production  may  persist 
after  the  armlet  j^ressure  has  fallen  below  the  amount  necessary  to  cause  any 
flattening  of  the  circular  tube,  but  still  suffices  to  diminish  to  some  extent  the 
cahbre  of  the  artery  from  the  diastolic  size,  the  arterial  wall  being  brought 
into  a  23osition  intermediate  between  the  diastohc  and  zero  positions.  Here 
the  segment  of  vessel  included  under  the  armlet,  though  still  circular,  is 
diminished  in  size  as  compared  with  the  artery  on  the  proximal  and  distal 
sides  of  the  area  compressed  by  the  armlet. 

In  the  great  majority  of  cases  examined  in  hospital  wards  where  absolute 
quiet  was  not  attainable,  and  also  in  many  healthy  and  diseased  persons 
examined  in  a  quiet  room,  the  results  were  such  as  are  indicated  under  (2), 
closely  resembhng  those  obtained  with  the  experimental  schema.  (In  the 
latter  absolute  quiet  was  not  usually  attainable.) 

We  have  correlated  the  data  obtained  by  the  auditory  method  with 
those  supphed  by  an  extended  series  of  observations  by  the  oscillation 
method  on  normal  and  pathological  subjects  carried  out  by  workers  in  this 
laboratory.     The  results  of  these  observations  will  be  published  later. 

Limitations  and  sources  of  fallacy  in  the  auditory  method. 
These  are  in  our  experience  relatively  few  and  unimportant. 

1.  We  have  found  experimentally  that  very  large  and  extremely 
distensible  tubes  hke  the  relaxed  and  softened  carotid  of  the  ox  and  horse 
and  stiff  thick-walled  strongly  contracted  carotids  of  the  same  animals 
do  not  give  satisfactory  results  by  this  method.  But  the  conditions  in  such 
exjjeriments  are  very  extreme  and  far  removed  from  what  may  possibly  be 
found  in  man,  and  we  have  not  found  any  evidence  of  similar  failure  to  obtain 
definite  results  in  thickened  and  stiffened  arteries  under  clinical  conditions. 

2.  The  auditory  method  is  not  apphcable  in  many  cases  of  aortic 
regurgitation  on  account  of  the  continued  presence — apart  from  the 
application  of  external  pressure  by  the  armlet — of  the  well-known  sound. 

3.  We  have  seen  abundant  evidence  (experimental  and  clinical)  that  a 
very  defective  rush  of  fluid  through  the  artery  under  examination  can  impair 
the  vahdity  of  the  auscultatory  criteria.  Such  may  result  from  various 
causes  such  as  the  following  : — (a)  Congestion  and  stagnation  of  blood  in 
the  limb  distally  to  the  armlet  as  a  result  of    keeping  on  the  constriction 
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too  long.  This  also  causes  the  artery  distal  to  the  armlet  to  be  much  more 
filled  up  with  blood  (i.e.,  at  higher  internal  pressure)  than  in  the  ordinarj^ 
procedure,  (b)  Excessively  small  calibre  from  thickening,  constriction, 
&c.,  of  the  artery  examined  or  of  its  continuation,  (c)  An  extremely  low 
pulse-pressure,  due  to  very  small  cardiac  output  (feeble  heart,  very  excessive 
pulse-rate,  &c.)  with  relaxed  peripheral  vessels,  &c. 

4.  While  the  brachial  artery  is  excellently  adapted  for  this  metliod, 
application  of  the  armlet  to  the  forearm  gives  unsatisfactory  results.  The 
range  of  sound  heard  over  the  radial  arterj'  is  defective,  being  shortened  l>oth 
above  and  below,  i.e.,  the  systolic  index  is  too  low  and  the  diastolic  too  high. 
That  the  systolic  reading  is  too  low  is  shown  by  comparison  with  the  tactile 
or  the  visual  index.  This  would  naturally  be  associated  with  a  similar  defect 
at  the  lower  limit,  the  sound  being  cut  down  too  soon.  That  such  is  the  case 
is  corroborated  by  the  fact  that  the  diastohc  reading  thus  obtained  is  higher 
in  the  forearm  than  in  the  arm — an  obvious  error  in  the  former. 

5.  The  possibility  of  conduction  of  the  sound  along  a  bone  occasionally 
comes  into  question  both  as  regards  the  systolic  and  the  diastolic  index. 
On  this  point  one  of  us  (G.S.IM.)  and  Mr.  J.  R.  Murray  have  obtained 
evidence  which  will  be  stated  elsewhere. 

It  need  only  be  stated  here  that  with  the  routine  procedure  recommended 
below  there  is  no  danger  of  error  in  this  way. 

0.  Improper  adjustment  of  the  auditory  tambour,  &c.,  might  possibly 
lead  to  inaccuracy,  but  not  when  the  tambour  is  properly  situated  with 
no  appreciable  pressure. 

In  all  the  conditions  mentioned  the  sound  decUnes  too  soon  when 
the  external  pressure  is  being  lowered,  thus  making  the  reading  of  diastolic 
pressure  too  high.  But  the  same  causes  lead  to  the  appearance  of  the  systolic 
sound — when  the  pressure  is  lowered  from  that  causing  complete  obliteration 
— being  delayed,  and  so  underestimating  the  actual  systolic  pressure. 

Such  an  undue  lowering  of  the  upper  limit  of  the  sound  is  readily 
recognisable  by  using  the  tactile  systolic  index  simultaneously,  and  this 
affords  a  most  important  indication  of  the  unrehability  of  the  sudden 
declension  as  an  index  of  diastohc  pressure. 

We  adopt  and  recommend  as  a  routine  procedure  the  simultaneous 
determination  of  (1)  the  reappearance  of  the  pulse  by  the  ordinary  tactile 
method,  and  (2)  the  auditory  systolic  index,  as  a  method  of  verifying  the 
correct  arrangement  of  the  auditory  apparatus  (tambour,  &c.)  and  its 
apphcabihty  to  the  conditions  present  in  any  particular  case. 

In  doubtful  cases,  when  dealing  with  arteries  that  arc  abnormally  thick 
or  contracted,  offering  considerable  resistance  on  palpation  when  the  internal 
blood-pressure  is  excluded,  the  method  of  local  compression  as  recommended 
in  a  former  paper,  is  very  useful  in  checking  the  systolic  readings,  being 
equally  apphcable  to  the  tactile  and  the  auditory  estimations.  (Heart,  IV,  279.) 
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We  have  not  in  our  exi^erimental  schema  found  the  sound  persisting  at  so 
low  a  level  as  to  underestimate  the  actual  diastolic  pressure  in  the  vessel. 
When  there  is  a  considerable  pressure  gradient  in  the  stream,  the  diastolic 
index  may  sometimes  be  got  below  the  reading  of  the  proximal  minimum 
manometer,  but  never  below  the  average  between  the  proximal  and  distal 
manometers,  and  obviously  not  below  the  actual  diastolic  pressure  in  the 
artery  ;  the  distinct  flattening  occurring  in  the  latter  shows  that  the  extra- 
vascular  pressure  is  somewhat  in  excess  of  the  intra-vascular  diastolic 
pressure — by  the  amount  necessary  to  cause  the  distortion  in  the  tube. 

But  as  has  already  been  stated  conditions  may  be  present  in  the  human 
limb  which  lead  to  a  persistence  of  the  sound  (as  tested  in  quiet  surroundings) 
far  below  the  level  of  diastolic  pressure,  the  latter  being  indicated  by  a 
sudden  weakening  or  dulling  of  the  sound,  not  its  extinction.  In  other 
conditions  the  extinction  nearly  coincides  with  the  sudden  alteration  just 
referred  to. 

We  have  very  often  used  OUver's  tambour  for  attaching  over  the  artery 
on  the  distal  aspect  of  the  armlet  ;  this  has  the  advantage  of  leaving  the 
hands  of  the  observer  free.  Instead  of  this  we  have  often  used  a  phonendo- 
scope  or  a  binaural  stethoscope.  For  conveniently  graduating  the  application 
of  the  external  pressure  Oliver's  screw-compressor  when  employed  with  a 
suitable  armlet  (with  a  rubber  bag  of  not  too  large  capacity)  is  verj'  useful. 

Advantages  of  the  auscultatory  method. 

Comparing  the  auditory  method  of  diastolic  pressure  estimation  with  the 
maximum  oscillation  method  as  represented  by  the  best  graphically  recording 
ajjparatus  in  use  (Erlanger's),  the  superiority  of  the  former  is  conspicuous 
in  many  respects. 

(1)  The  simplicity  and  quickness  of  the  procedure  are  obviously  very 
great  considerations,  dispensing  as  it  does  with  the  relatively  cumbrous 
ajjparatus  of  smoked  drum,  recording  tambour,  &c. 

(2)  The  greater  definiteness  of  the  index,  as  compared  with  the  frequent 
difficulty  and  uncertainty  of  the  Recklinghausen-Erlanger  index. 

(3)  The  greater  constancy  of  the  results.  Apart  from  movements  of  the 
limb,  the  Erlanger  record  is  apt  to  vary  much,  and  this  is  not  surprising  in 
view  of  the  complexity  of  the  conditions  which  may  be  present  and  play  a 
part  in  influencing  the  oscillations,  as  has  already  been  described. 

The  auditory  index  is  much  less  disturbed  by  alterations  in  the  arterial 
walls  (resistance,  distensibiUty,  &c.)  ;  this  naturally  results  from  the  required 
degree  of  flattening  of  the  arterial  tube  being  very  much  less  than  in  the  other 
method,  while  in  a  vessel  presenting  unequal  resistance  along  its  course, 
change  from  the  circular  form  in  a  comparatively  short  piece  suflices  to  produce 
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a  sound,  while  flattening  along  the  whole  or  the  greater  part  is  needed  to 
give  maximal  oscillations  ;  numerous  influences  may  tend  to  give  a  gradation 
in  the  development  of  the  oscillation,  and  an  absence  of  any  sudden  and 
striking  change  in  the  size  of  the  oscillations.  The  greater  degree  of  flattening 
approaching  complete  flattening  necessary  to  give  maximal  oscillation  in  a 
j)ractically  non-distensible  tul)c  is  an  important  factor,  while  the  form  of  tiie 
pulse  curve  may  also  be  such  as  to  aid  in  increasing  the  excess  of  external 
pressure  recjuired.  The  varjing  influence  of  volume  changes  due  to  elongation 
does  not  come  into  cpiestion  in  the  auditor}-  method. 

(4)  The  avoidance  of  the  discomfort  and  disturbance  (circulatory,  &c.) 
which  may  be  caused  by  the  constriction  of  the  limb  when  the  pressure  is 
raised  well  above  the  obliteration  point  to  begin  with  and  during  the  lowering 
of  the  pressure  while  the  graphic  record  is  being  made. 

Systolic  and  diastolic  pressure  estimations. 

The  estimation  of  diastolic  pressure  by  the  auscultatory  method  is  a 
process  that  takes  very  little  time  and  trouble  and  }-ields  very  definite  and 
valuable  information.  The  procedure  is  one  calculated  to  produce  less 
circulatory  disturbance  in  abnormally  sensitive  cases  than  the  stronger 
(obliterative)  constriction  of  a  comparativel}'  large  vascular  area  involved 
in  systolic  determination. 

Moreover  diastolic  estimation  is  much  less,  if  to  any  appreciable  extent 
at  all,  affected  by  the  main  sources  of  fallacy  in  systoUc  estimation — 
variations  in  the  resistance  of  the  arterial  wall,  possibihty  of  reflected 
waves,  &c. 

Even  comparatively  sUght  changes  in  diastolic  pressure,  unless  dependent 
on  alterations  in  the  pulse-rate,  are  of  considerable  significance  as  indications 
of  circulatory  conditions  (changes  in  peripheral  resistance,  &c.). 

We  have  to  thank  Dr.  J.  E.  Kesson  for  valuable  assistance  in  the  earlier 
experiments  of  this  investigation. 

Conclusions. 

The  current  view,  founded  on  Marey's  principle,  that  maximum 
oscillation  (or  pulsation)  occurs  when  the  external  pressure  counterbalances 
the  internal  diastoHc  pressure  so  as  to  bring  the  artery  to  the  size  of  the 
undistended  tube  is  erroneous. 

With  a  normal  distensible  and  elastic  artery  maximum  oscillation 
occurs  when  the  external  pressure  is  sufficient  to  distort  the  arterial  tube 
so  as  to  produce  the  condition  which  we  have  termed  half-flattening — in 
which  the  shorter  diameter  is  roughly  about  half  that  of  the  undistended  tube. 
The  volume  of  the  oscillation  is  compounded  of  (a)  the  difference  in  capacity 
between  the  half-flattened  and  the  circular  tube.  (6)  the  distension  of  the 
latter  caused  by  the  systohc  wave  and  (c)  such  volume  change  as  may  result 
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from  longitudinal  expansion  at  each  pulse-beat.  Variations  in  (c)  arc  not 
adequately  represented  in  experiments  that  have  been  made  on  the  arteries 
of  animals  in  situ. 

With  a  more  or  less  non-distensible  tube  volume  oscillations  are  more  or 
less  completely  due  to  different  degrees  of  flattening,  a  higher  external 
pressure  being  needed  to  bring  out  the  maximum  effect. 

Maximum  oscillation  does  not  serve  as  a  guide  to  the  mean  pressure 
within  the  artery  ;  there  is  no  necessary  or  constant  relation  between  the  two. 

The  development  and  position  of  the  maximum  oscillation  varies  much, 
being  readily  influenced  by  a  variety  of  conditions  affecting  one  or  more  of  the 
components  of  the  volume  changes,  e.g.,  such  conditions  as  (a)  the  distensi- 
bility  and  flexibility  of  the  arterial  walls,  (6)  the  time  available  between  the 
beats,  (c)  the  form  of  the  internal  pressure  curve,  and  (d)  the  part  played  by 
elongation  of  the  vessel  at  each  beat. 

Maximum  oscillation  occurs  at  levels  of  external  pressure  above,  and 
often  very  considerably  above,  the  actual  internal  diastolic  pressure,  the 
excess  varying  between  a  few  mm.  Hg.  and  20  mm.  or  more. 

The  taking  of  the  mid-point  in  the  period  of  approximately  maximal 
oscillation  is  an  erroneous  method  of  gauging  internal  diastolic  pressure, 
widely  varying  overestimates  being  thus  obtained. 

The  differentiation  (during  the  lowering  of  the  external  pressure)  of  the 
last  phase  at  which  the  oscillation  is  maximal  (the  Recklinghausen-Erlanger 
index)  is  often  uncertain  or  impracticable.  When  a  characteristic  change 
in  oscillation  magnitude  is  clearly  recognisable  it  affords  a  valuable  index. 
We  regard  the  level  of  external  pressure  just  after  the  abrupt  diminution 
has  taken  place  as  the  better  guide.  This  external  pressure  is  just  insufficient 
to  cause  any  flattening. 

Methods  of  estimating  diastoUc  pressure  by  examination  (palpatory 
or  graphic)  of  changes  occurring  in  the  artery  peripheral  to  the  armlet 
(Strassburger,  Masing,  Sahli,  Bingel)  are  not  to  be  recommended,  the 
indications  being  dubious  and  their  interpretation  unreliable.  The  same  is 
to  be  said  of  subjective  change  in  the  sense  of  throb  in  the  limb  as  an 
indication. 

The  sounds  concerned  in  the  auscultatory  or  auditory  method  of  blood- 
pressure  estimation  (diastolic  and  systoUc)  owe  their  origin  to  vibration 
of  the  arterial  wall  when  the  normal  circular  form  of  the  vessel  is,  in  the 
compression  area,  more  or  less  distorted  by  external  pressure.  The  level 
of  armlet  pressure  at  which  the  sound  suddenly  declines,  becoming  weaker 
and  duller,  is  to  be  taken  as  the  index  of  intra-arterial  diastolic  pressure  ; 
at  this  level  the  external  pressure  has  become  insufficient  to  cause  any 
flattening  of  the  circular  tube. 

The  auditory  method  provides  a  cpiick  and  simple  method  of  approxi- 
mately estimating  the  diastolic  pressure,  more  jjrecise  and  easily  interpreted 
and  less  disturbed  by  abnormal  conditions  than  the  indications  (visual, 
graphic,  &c.),  jaelded  by  other  methods,  rendering  the  latter  unnecessary. 


DIASTOLIC    BLOOD     PRESSURE.  195 

The  estimation  of  diastolic  pressure  by  this  method  should  be  combiued 
(as  a  routine  practice)  with  the  use  of  the  auditory  method  for  systohc 
estimation,  checked  by  the  ordinary  tactile  method — in  order  to  confirm  the 
vahdity  of  the  auditory  method  as  appUed  in  any  particular  case.  This 
combination  we  strongly  recommend  ;  also  the  use  of  local  compression  as  an 
aid  in  doubtful  cases  (with  resistant  arterial  walls,  &c.),m  the  estimation  of 
the  systohc  pressure. 

Diastolic  pressure  estimation  by  the  auditory  method  is  not  only  as 
simple  in  appUcation  as  the  sj-stoUc  estimation,  but  is  comparatively  httle, 
if  at  all,  influenced  by  many  of  the  comphcations  as  regards  local  conditions, 
&c.,  which  may  in  some  cases  introduce  serious  fallacy  into  systolic 
estimations  ;  it  also  causes  less  disturbance  (circulatory,  &c.),  in  very 
sensitive  subjects,  much  less  constriction  of  the  Umb  being  needed. 

The  pulse-pressure  range  as  determined  by  the  auditory  method  is 
much  more  extensive  in  many  pathological  conditions  than  is  indicated 
by  the  ordinarily  accepted  ratios. 

Changes  in  diastolic  pressure  of  relatively  small  amount,  unless  dependent 
on  an  altered  pulse-rate,  are  of  much  significance  as  indications  of  circulatory 
conditions. 
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INTERPOLATED     EXTRASYSTOLES,     IN     AN     APPARENTLY 

NORMAL  HUMAN  HEART,    ILLUSTRATED    BY  ELECTRO- 

CARDIOGRAJIS    AND    POLYGRAMS. 

By  M.  DRESBACH  and  S.  A.  MUNFORD. 

(From  the  Physiological  Laboratory,  Cornell   University  Medical  College, 

Ithaca.  N.Y.) 

Since  September,  1  n08,  during  the  course  of  the  routine  physical  examinations 
at  Cornell  Universitj'^,  we  have  taken  occasion  to  study  irregular  hearts  in 
otherwise  healtliy  young  men.  In  view  of  the  fact  that  most  of  the 
irregularities  reported  are  those  of  hearts  damaged  by  disease  or  altered  by 
advanced  age,  we  have  thought  it  worth  w  hile  to  devote  considerable  time  to 
some  in  whicli  tlie  factors  of  demonstrable  lesions  and  changes,  incident  to 
advancing  j-ears,  are  absent. 

To  those  who  have  had  the  opportunity  of  examining  large  numbers 
of  young  persons  it  is  well  known  that  variations  of  cardiac  rhythm  are 
relatively  frequent,  and  the  fact  has  been  noted  that  irregularities  may  be 
found  in  all  gradations.  It  is  of  great  importance  that  we  learn  more  as  to  the 
cause  and  significance  of  abnormal  contractions  and  whether  cases  often 
considered  as  functional  disturbances  do  not  in  reality  tend  to  become 
chronic. 

The  following  case  is  selected  because  it  is  illustrative  of  a  class  lacking 
definite  evidence  of  cardiac  damage  but  with  a  history  and  constancy  of 
altered  beats  suggestive  of  pathological  lesion.  Doubtless  a  borderline 
class  exists  in  whicli  ordinary  activities  are  compatible  with  apparent  health, 
but  in  which  the  ultimate  course  is  towards  cardia  exhaustion. 

Historical   Review.* 

In  the  many  published  papers  upon  extrasystoles  one  finds  but  comparatively  few  apecifie 
references  to  the  interpolated  beat.  Interest  of  physiologists  in  the  extrasystole  dates  from 
the  appearance,  in  1870  and  1882,  of  Marey's  classical  works'*  on  the  circulation.  In  his  tracings 
appear  some  examples  of  premature  systoles  followed  by  pauses  not  fuUy  compensatory.  In 
1882  Dastre'^  published  a  work  on  the  heart  in  which  he  raaintained  that  extra.systoles  without  a 
compensatory  pause  came  only  in  the  ganglion  free  apex  of  the  heart.  This  view  was  again 
brought  forward  by  Kaiser-  several  years  later.  Prominent  among  the  many  physiologists  who 
were  stimulated  to  study  the  properties  of  heart  muscle  by  the  experiments  of  Marey  was 
Engelmann,"  whose  work  in  1S94  on  the  compensatory  pause  perhaps  first  revealed  clearly  the 
possibility  of  interpolated  extrasj-stoles. 

*  The  chronological  review  here  given  deals  mainly  with  sjiecific  references  to  interpolated 
extrasystoles.     The  list  of  articles  is  as  complete  a,s  we  have  been  able  to  make  it. 
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In  1899  Wenckebach''*  (">  pointed  out  specifically  that  ventricular  extrasystoles  may  occur 
in  slowly  beating  hearts  in  such  a  manner  as  to  lack  a  compensatory  pause.  His  explanation  was 
that  after  the  extrasystoles  the  heart  had  partially  recovered  its  irritability,  by  virtue  of  the 
slow  rhythm,  and  consequently  the  normal  physiological  stimulus  is  effective.  Wenckebach 
has  on  several  occasions*' C^  c,  </,<■,/),  referred  to  this  type  of  irregularity  and  has  expressed  the 
opinion*'  (•■■  f  •  347)^  that  it  is  not  so  rare  as  he  at  first  thought.  However,  in  his  book  on  arrhythmia, 
he  distinctly  states  that  the  interpolated  beat  occurs  rarely.  Mackenzie"  makes  a  similar 
statement  in  his  book  on  the  pulse  (1902,  p.  103).  He  says,  "  Such  pulses  as  these  (i.e.,  those 
with  extrasystoles  without  the  prolonged  pause)  are  extremely  rare,  and  I  cannot  tell  what 
the  significance  may  be."' 

In  1903  Trendelenberg^  began  a  systematic  study  of  the  subject.  He  cooled  the  sinus  of  the 
frog  heart  and  stimulated  the  ventricle  electrically,  and  was  able  to  produce  interpolated  beats. 
Since  this  work  such  experimental  extrasystoles  have  frequently  been  seen.  Of  the  experimenters 
upon  the  mammalian  heart  Woodworth^*  (1903)  was  one  of  the  first  to  produce  artificial 
interpolated  beats.  He  used  the  isolated  apex  preparation  of  Porter  and  obtained  ventricular 
extrasystoles  with  variable  pauses,  some  of  which  were  quite  short.  Tluee  years  later  Erlanger," 
in  a  paper  on  heart-block,  showed  tracings  revealing  extrasystoles  with  short  pauses.  Pan," 
in  1903,  described  a  case  of  extrasystoles  in  the  human  heart,  some  of  the  pauses  being  compensa- 
tory but  some  being  vmdoubtedJy  short  pauses  of  interpolated  beats.  In  1904  VoUiard'* 
published  an  article  on  ""  ventricular  bigeminy  without  compensatory  pauses."  One  of  his 
tracings  shows  interpolated  systoles.  In  this  year  Hoffmami^'  called  attention  to  the  fact  that  in 
paroxysmal  tachycardia  the  pulse  rat«  is  doubled,  nearly  or  exactly.  This  observation  was 
confirmed,  at  least  as  regards  approximate  doubling  of  the  rate,  by  Gerhardt,''  Lommel,^ 
Rilil,'®  Hoffmann '-'  (in  a  second  paper),  and  Hewlett."  It  was  assumed  in  these  eailier  papers 
of  Hoffmann,  Gerhardt  and  Lommel  that  the  doubUng  was  caused  by  the  interpolation  of 
extrasystoles  midway  between  the  regular  beats.  In  1905  Hering"'  wrote  that  he  h£id  observed 
interpolated  beats  in  man  with  a  pulse  rate  as  high  as  70  to  80,  but  never  when  the  rate  was 
higher.  He  stated  that  usually  the  pulse  rate  is  slow  and  that  interpolation  occurs  early  in 
diastole.  In  various  articles^'  on  experiments  with  the  mammalian  heart  he  gives  numerous 
examples  of  induced  ventricular  extrasystoles  without  the  compensatory  pause.  In  1904,  under 
the  title  "  continual  heart -bigeminy,"  he  described  a  case'"  <.<>)  in  which  interpolated  extrasystoles 
produced  a  pseudo-pulsus  alternans.  In  1905  further  evidence  of  interpolated  extrasystoles 
in  the  human  heart  accumvJated.  Rihl^  produced  them  experimentally  in  the  mammalian 
heart  and  Lichtheim^  saw  them  in  a  case  of  Adams-Stokes  disease.  There  is  also  some  evidence 
of  such  extrasystoles  in  Finkelnberg's'-  tracings,  but  liis  curves  are  not  verj-  satisfactory. 

Still  another  paper  by  Pan*'  in  1905  recorded  a  series  of  fourteen  cases  of  extrasystoles,  of 
which  twelve  were  of  the  ventricular  t^-pe.  In  tliree  of  these  twelve  interpolated  beats  occurred. 
Gibson's  work,"  in  1905,  on  bradycardia  contained  curves  of  interpolated  extrasystoles,  though 
he  did  not  speak  of  them.  In  1906  Wenckebach*'  (')  called  attention  to  these  tracings  of  Gibson 
and  to  those  of  Vinnis,"  pointing  out  that  they  contained  interpolated  sjstoles. 

Mackenzie--  in  1907  and  1908  gave  further  graphic  records  of  these  contractions,  and  in 
the  two  editions  of  his  book,'*  1908,  1910,  again  referred  to  them,  giving  tracings.  In  his  second 
edition  (1910)  he  again  states  (p.  xviii)  that  the  interpolated  systole  occurs  rarely.  In  1909 
Hay'-'  in  his  book  illustrated  in  tliree  figures,  59,  CO,  61,  this  type  of  irregularity.  He  emphasised 
the  lengthening  of  the  a-c  interval  following  the  interpolated  extrasystole  in  these  instances.  In 
the  same  year  Cuslmy^  during  his  work  on  aconitine  saw  this  tii-pe  of  abnormal  beat.  Sometimes 
two  beats  were  interpolated  between  two  normal  ones.  Trendelenberg^  ('<)  showed  that 
extrasystoles  of  the  frog's  auricle  could  be  induced  without  disturbing  the  sinus  rhythm.  In 
1910  Lewis-^  described  a  case  of  what  he  then  believed  to  be  interpolated  auricular  extrasystoles, f 
but  in  a  later  paper*  (footnote)  ho  concluded  that  the  first  interpretation  as  to  their  lieing 
interpolated  was  wrong.  In  liis  book^  Lewis  gives  no  additional  cases,  but  refers  to  Laslett's 
article'^  in  describing  the  mechanism  of  interpolation  of  ventricular  beats.  In  this  interesting 
case  Laslett  observed  regularly  recurring  interpolated  extrasystoles.  A  prominent  feature  of 
the  case  was  the  regularity  with  which  the  ectopic  contractions  occurred.  It  was  a  good  example 
of  allorrhythmia.  More  recently  Staehelin  and  Xicolai^'  have  reported  a  case  of  interpolated 
extrasystoles  recorded  by  the  string  galvanometer.  The  heart  was  pathological,  and  was  easily 
emiiarrassed  by  physical  exertion.  Vaquez,^  and  Pezzi  and  Sabri"  have  lately  noted  the 
interpolated  beat.  The  last  publicationsj  to  come  to  our  notice  are  those  of  Busquet  and  Cushny. 
Busquet"  experimented  with  the  chloride  of  magnesiimi  and  lithium  and  with  pilocarpine,  using 

*  Woodworth  gives  the  references  with  critical  review  to  previous  work  on  the  refractory 
peiiod  and  compensatory  pause. 

t  In  Hewlett's  ease'*  of  blocked  auricular  extrasystoles,  cited  by  Lewis, -^  the  auricular 
extrasj-stoles  sometimes  excited  the  ventricles,  but  often  blocking  occurred,  due,  Hewlett  thought, 
to  lowered  conductivity  of  the  His  bimdle.  The  sinus  rate  in  tliis  case  was  about  75.  The  pause 
following  the  abnormal  beat  was  considerably  shortened  in  some  instances. 

5:  Williams,  H.  B..  Columbia  University,  has  an  unpublished  case. 
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the  heart  of  the  frog  and  raljbit.  His  results  were  very  interesting.  Interpolated  extrasystoles 
were  frequently  obtained,  especially  when  the  heart  rate  was  slowed  by  the  drugs  or  by  subnormal 
temperature.  More  rarely  interpolation  occiu'red  when  the  rate  was  normal.  Busquet  raises 
interesting  physiological  questions  and  points  out  that  in  instances  of  interpolation  a  number 
of  factors  must  be  involved. 

Ctishny '  has  recently  studied  the  isolated  mammalian  ventricle  with  special  reference  to  the 
development  of  spontaneous  rhythm.  In  the  course  of  his  experiments  he  has  observed  a  few 
interpolated  systoles.  An  interesting  fact,  pointed  out  by  Rihl^"  in  connection  with  these 
interpolated  systoles  was  that  the  first,  or  first  and  second,  post-compensatory  contractions 
following  tlio  extrasystolc  were  increased  in  strength. 

History. 

T.  is  a  Chinese  student ;  age  25  years  ;  weight  112  lbs.  ;  physical  condition  good  ;  has  no 
bad  habits.  He  uses  tobacco  very  moderately,  averaging  two  cigarettes  a  day.  The  family 
history  is  without  bearing  upon  the  present  case,  both  parents,  a  sister,  and  two  brothers  being 
healthy.     One  brother  died  in  childhood. 

At  the  age  of  twelve  he  had  an  attack  of  "  chills  and  fever,"  probably  malaria.  At  nineteen, 
he  was  confined  to  his  bed  for  two  weeks  with  an  illness  characterised  by  a  sore  throat,  fever,  and 
evanescent,  shifting  joint  pains.  For  an  additional  two  weeks  he  was  unable  to  walk  and  then 
began  a  very  slow  convalescence.  Recovery  was  complete,  as  he  thought,  since  he  was  not  at  any 
time  aware  of  any  unusual  heart  action.  Diu'ing  this  illness  he  was  under  the  care  of  a  Chinese 
physician  who  as  far  as  we  can  learn  did  not  make  a  diagnosis. 

In  September,  1010,  he  entered  Cornell  University  and  underwent  the  routine  examination 
required  of  all  students.  During  this  examination,  he  learned  for  the  first  time  that  his  heart 
was  beating  in  an  abnormal  manner  and  expressed  surprise,  for  he  had  always  led  an  active  life 
without  signs  of  cardiac  embarrassment. 

Bather  numerous  subcutaneous  nodules  were  observed  on  the  arms  and  trunk,  but  with  this 
exception  and  the  heart  findings  he  seemed  to  be  normal.  The  impulse  could  be  seen  in  the  fifth 
interspace,  slightly  within  the  nijiple  line,  and  three  and  one-fourth  inches  from  the  sternum. 
The  impact  was  plainly  felt  on  palpation  and  was  without  thrills.  On  auscultating,  sounds 
characteristic  of  extrasystoles  were  heard,  thus  :  Lub-Dup,  Lub-Dup-Lub,  Lub-Dup,  &c.,  the 
usual  type  being  an  extrasystole  after  each  beat,  or  after  each  second  beat,  and  less  often  after 
even  more  prolonged  intervals.  The  semilunar  valve  sound  accompanied  the  extrasystole  in  a 
fair  proportion  of  the  beats. 

A  soft,  low-pitched  murrmu'  was  audible  in  the  apex  region  but  was  not  transmitted  ;  it 
disappeared  when  the  breathing  was  suspended  in  expiration.  It  was  doubtless  accidental.  A 
fluoroscopic  examination  confirmed  our  conclusion  that  there  was  no  hypertrophy  but  it  did  not 
yield  anything  of  value  relative  to  the  heart  movements.  The  electrocardiograms  of  physiological 
beats  were  normal. 

During  the  three  years  he  has  been  under  observation  no  additional  signs  have  been  recorded. 
Only  in  two  instances  has  his  heart  been  found  beating  without  extrasystoles,  once  for  a  few 
consecutive  beats  and  again  for  an  entire  afternoon,  with  the  exception  of  brief  intervals  following 
severe  exertion.     Nervousness  has  been  absent  during  the  entire  time  of  these  observations. 


3Ielhocls. 

Polygraphic  and  electrocardiographic  records  have  been  made.  In  the 
ordinary  way,  tracings  were  taken  simultaneously  from  the  jugular  bulb, 
from  the  carotid  artery  at  the  level  of  the  lower  border  of  the  thyroid  cartilage, 
and  from  the  apex  of  the  heart,  the  body  being  usually  in  the  supine  position. 
The  recording  and  receiving  tambours  were,  it  is  needless  to  say,  connected 
by  tubing  of  the  same  length  and  diameter.  All  of  the  records  were  made 
upon  smoked  paper,  rim  by  a  Harvard  long  paper  kymograph,  as  a  rule. 
This  apparatus  permits  at  least  nine  metres  of  tracing  to  be  made  at  one 
sitting,  and  the  speed  can  be  varied  sufficiently  to  elucidate  time  relations. 
The  time  tracing  was  made  by  an  accurately  vibrating  Bernstein  spring 
interru^jter,  making  25,  30,  or  50  contacts  per  sec.  For  the  purpose  of 
accurately  locating  imijortant  points  in  the  tracings  ordinates  were  drawn 
by  the  levers  and  a  pair  of  dividers  served  to  mark  the  necessary  distances. 
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For  the  excellent  electro-  and  phonocardiograms  reproduced,  we  are 
indebted  to  Dr.  H.  B.  Williams,  of  the  Medical  .School,  Columbia  University. 
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Description  and  discussion  of  tracings. 

Tracings  have  been  made  under  varied  conditions. 

As  is  usual  in  most  hearts  with  extrasystoles,  certain  characteristic 
features  are  repeated  from  time  to  time.  Fig.  1  and  2  are  typical  poly- 
grams of  our  series.  In  Fig.  1  it  may  be  seen  that  the  dominant  rhythm  is 
quite  regular,  although  several  extrasystoles  have  occurred  ;  it  is  plain 
that  they  are  interpolated.  However,  the  interpretation  of  the  jugular 
record  is  dithcult,  as  clo.se  inspection  of  the  figure  will  show  (see  the  legend). 
In  Fig.  2  the  matter  is  further  complicated  by  the  apparent  occurrence  of 
double  interpolations.  While  one  might  conclude  from  Fig.  2  that  two 
extrasystoles  have  occurred  between  the  normal  beats,  several  electro- 
cardiograms which  have  been  made  on  two  occasions  did  not  reveal  this 
phenomenon  on  those  days. 

In  at  first  attempting  to  explain  the  type  of  phlebogram  shown,  several 
questions  presented  themselves  :  Were  we  dealing  with  regurgitation  from 
the  right  auricle  ?  ^ATiy  were  the  a  waves  absent,  apparently,  at  certain 
points  where  they  should  normally  occur  ?  Were  the  extrasystoles  purely 
ventricular,  or  were  they  followed  by  retrograde  auricular  contractions  ? 
Was  it  possible  that  nodal  extrasystoles  were  occurring  ? 

We  could  not  answer  these  questions  satisfactorily  until  electrocardio- 
grams were  made.  These  we  obtained  on  two  separate  dates,  two,  and  two 
and  a-half  years,  respectively,  after  our  first  observations  of  this  case. 

1.  The  possibility  of  regurgitation.  A  few  remarks  will  suffice. 
Volhard  (loc.  cit.)  and  others  have  claimed  that  when  extrasystoles  occur 
there  may  be  a  back  flow  of  blood  into  the  auricle  because  of  incomplete 
contraction  of  the  a-v  ring  not  permitting  the  valve  leaflets  to  approximate 
perfectly.  While  admitting  the  possibihty  of  this  insufficiency,  we  have 
not  been  able  to  detect  any  evidence  of  it  in  the  present  case. 

2.  The  omission  of  the  a  wave.  It  is  shown  by  all  of  the  electro- 
cardiograms that  the  P  elevation  is  never  absent,  unless  it  is  obscured 
by  the  end  of  a  preceding  atyjDical  complex.  Moreover,  the  P  elevations 
are  regularly  spaced,  usually,  and  have  a  fairly  constant  height.  Hence,  the 
auricle  always  contracts,  and  with  fair  regularity.  The  absence  of  the  a 
wave  depends,  therefore,  upon  the  incomplete  filhng  of  the  auricle  and 
conduction  of  the  contraction  wave  into  the  vein  (see  the  last  extrasystole, 
between  normal  beats  7  and  8,  Fig.  2). 

3.  Retrograde  contractions.  Concerning  the  possibihty  of  retro- 
gression, physiologists  are  pretty  well  agreed  that  it  may  occur  in  the  human 
heart.  It  is  believed  by  some  that  when  retrograde  contractions  take  place 
the  Vs-As  interval  exceeds  the  As-Vs  interval  (Lewises  p.  134).  WiUiams*' 
has  reported  an  interesting  case  of  reversal  of  the  cardiac  mechanism  studied 
by  means  of  the  Einthoven  galvanometer.     He  was  fortunate  in  securing 
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on  the  same  day  records  of  reversed  rhythm  and  ot  normal  secjuence.  On 
that  day  the  R-F  interval  exactly  equalled  P-/?  and  was  0- 18  sec.  in  lead  //.* 
Bearing  upon  the  possibility  of  retrogression  in  the  present  case,  it  is 
pointed  out  that  the  P-R  interval,  in  all  three  leads,  is  distinctly  lengthened, 
now  and  then,  by  the  occurrence  of  a  preceding  extrasystole.f  Thus,  in 
Fig.  4  the  P-R  interval  at  the  systole  x  is  0-24  see.  and  at  y  it  is  018  sec. 
This  is  to  be  taken  as  evidence  of  depression  of  the  conduction  .system,  but 
to  what  extent  the  depression  extends  towards  the  auricle  cannot  be  stated. 
At  any  rate,  there  is  no  evidence  that  the  stimulus  excites  the  auricle.  In 
our  polygrams  mechanically  recorded  we  were  never  certain  of  lengthened 
a-c  intervals,  and  though  the  electrical  records  show  actual  depression  of  the 
conduction  system,  there  has  never  been  any  further  grade  of  heart  block. 
Occasionally,  of  course,  when  a  normal  beat  followed  too  soon  after  an 
extrasystole  (see  Fig.  6)  there  was  no  response. 

4.  Nodal  extrasystoles  are  also  ruled  out.  The  question  whether 
or  not  such  contractions  could  be  interpolated  has  occurred  to  us.  So  far 
as  we  can  determine,  they  have  not  been  observed  by  other  writers. 

The.  origin  of  the  ectopic  imjndse  and  the  course  of  the  excitation  wave. 

The  electrical  complexes  of  any  one  lead  are  of  very  constant  form. 
Two  sets  of  tracings  (see  Fig.  4,  5,  6,  13,  14),  made  six  months  apart,  were 
identical  in  essential  characters,  thus  indicating  that  the  origin  of  the 
stimulus  and  path  of  conduction  arc  constant.  This  is  an  interesting  feature 
in  the  present  case  because  of  the  probable  long-standing  of  the  irregularity.  J 
In  the  light  of  the  recent  work  of  Einthoven,  Epj^inger  and  Rothberger, 
Lewis  and  others,  it  may  be  said  that  our  electrocardiograms  show  the  site 
of  origin  of  the  abnormal  stimulus  to  be  in  the  right  ventricle,  and  probably 
in  the  right  branch  of  the  A-V  bundle,  for  the  general  form  of  the  atypical 
electrocardiograms  is  that  of  a  systole  resulting  from  a  stimulus  passing  over 
the  right  branch  of  the  A-V  bundle  only. 

It  is  of  course  impossible  to  trace,  except  roughly,  the  path  of 
transmission,  but  from  the  peculiar  form  of  the  atypical  electrical  curves 
we  venture  upon  an  interpretation.  The  small  height  of  the  peaks  in  lead  / 
indicates  that  the  wave  travels  from  base  towards  apex  (Einthoven').  The 
wave  of  negativity  must  at  first  have  a  transverse  direction  in  the  ventricles, 
for  a  systole  of  the  left  ventricle  immcdiatel}'  follo\\s  that  of  the  right. 
This  sequence  is  proved  by  the  distinct  impulse  in  the  carotid  after  many 

*  Private  eommiinication. 

t  Staehelin  and  Nicolai  (loc.  cit.)  state  that  the  extra-^ystolcs  did  not  affect  the  P-R  interval 
in  the  ca.se  that  they  reported,  nor  did  it  in  otlier  cases  they  had  seen.  Pan  and  Gcrhardt,  on  the 
other  hand,  observed  lengthening  of  the  conduction  time. 

J  Lewis,-'  p.  152,  lias  called  attention  to  this  character  of  heterogenetic  stinnUi,  and  in  a 
paper-"  on  the  origin  of  premature  beats  has  expressed  the  tentative  belief  that  "  the  majoiity, 
if  not  all  premature  beats,  arise  in  the  special  system  of  jimctional  tissues."  The  same  conclusion 
was  expressed  by  Mackenzie'-  as  result  of  his  polygraphic  studies. 
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of  the  ectopic  beats.  Eppinger  and  Rothberger*  have  shown  tliat  when  one 
ventricle  responds  to  a  stimulus  from  the  other  the  delay  is  about  003  sec. 
It  is  interesting  and  suggestive  that  the  decreasing  negativity  of  the  base, 
represented  by  the  descending  hmb  of  the  initial  upward  deflection  of  the 
extrasystoUc  wave,  is  interrupted  by  a  second  upward  deflection,  producing 
the  notch  in  the  peak  in  lead  III.  This  notch  falls  just  about  003-004 
second  after  the  initial  deflection  and  would  seem  to  be  due  to  the  propagation 
of  the  wave  of  negativity  to  the  basal  part  of  the  left  ventricle.  Immediately 
after  this  the  negativity  of  the  apex  is  developed  (see  leads  //  and  ///). 
A  diagram  similar  to  that  of  Einthoven,  Fahr  and  de  Waart'  will  be  of  help  in 
this  interpretation  : 


Efp'lYdtl'tn 


Inspira  ti'cn. 


Fig. 


3.  R  corresponds  to  the  riglit  hand,  L  to  the  left,  and  F  to  the  foot.  The  heart  is 
designated  by  H.  The  solid  arrow  gives  the  assumed  initial  direction  of  the  potential 
difference  in  the  ventricles  at  an  abnormal  beat.  The  letter  0  indicates  the  possible  angle 
this  direction  of  potential  change  makes  with  the  direction  of  lead  ///,  in  expiration  and 
inspiration.  The  angle  a  in  this  figure  is  about  56°.  It  gives  the  direction  of  the  normal 
potential  difierenco  of  the  heart.  | 


If  we  are  right  in  our  conclusion  as  to  the  direction  of  this  initial  change  of 
potential,  we  should  expect  that  a  displacement  of  the  apex  to  the  right 
would  decrease,  or  perhaps  abolish,  the  notch  in  question,  providing  the 
angle  ft  in  Fig.  3  could  be  made  great  enough,  as  in  deep  inspiration.  This 
is,  in  fact,  what  happens,  for  we  see  that  in  exj^iration  the  notch  is  well 
developed,  while  in  deep  inspiration  it  disappears.  (See  Fig.  7,  8.)  In 
harmony  with  this  explanation  is  the  further  fact  that  the  notch  is  absent 
in  lead  //.  These  leads  give  the  resultant  in  the  coronal  plane,  but  it  is  to 
be  remembered  that  there  may  be  a  component  in  the  sagittal  plane  also  ; 
we  made  no  effort  to  study  this  possibility,  and  so  cannot  say  to  what 
extent  it  may  be  a  factor  in  the  form  of  the  curve. 

*  Zentralb.   f.  Physiol.,  1910,  24,  1055. 

t  The  angle  «  in  Fig.  1.3  was  calculated  by  the  method  of  Einthoven,  Fahr  and  de  Waart' 
from  the  height  of  R  in  leads  I,  II  and  III  of  Fig.  4,  5  and  6.  The  values  were  :  Ri  —  9o  ; 
iJu  =  17-6;  i?ni  =  8-2  tenths  of  a  millivolt.  Einthovens  law'  (P-  658),  8  {Rn—Ri  =  Riu) 
holds  good  here  :  17-6 — 9-5  =  8-1.  As  we  did  not  record  the  respiratory  movements  in  connection 
with  the  three  leads  in  forced  respiration,  we  cannot  calculate  accurately  the  amount  of  change 
in  the  angle  a  under  that  condition. 
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Abscissa,  1  division  =  '04  second. 
Ordinate,  1  division  —   10"*  volt. 
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Fig.  4.  Fig.  4,  5  and  6  were  made  June  tlie  2Sth,  1913.  The  character  of  the  E.K.G.  of 
this  date  is  the  same  as  of  those  made  six  months  before  (Fig.  13  and  14)  except  that  in  Fig.  4 
(Lead  /)  one  of  the  peaks  of  the  extrasystole  becomes  decidedly  more  prominent  (second 
ii]3ward  deflection).  The  final  positive  variation  resembles  closely  a  normal  T.  Note 
the  difference  in  the  PR  intervals  at  points  x  and  y. 


■•/^m^%0ti 


Fig.  5.     Lead  //,  June  the  2Sth,  1913. 


Fig.  0.  Lead  ///,  Jime  the  28th,  1913.  A  compensatory  pause  of  the  ventricle  is  shomi 
between  Nos.  C  and  8.  The  pause  results  because  the  ventricle  is  still  in  systole  wlien  the 
auricular  impulse  readies  it.  That  the  aiuicle  contracted  is  shown  by  the  venous  tracing. 
The  P  elevations  are  equally  spaced.  At  No.  6  a  remarkable  thing  occurs,  for  it  is  seen  that 
the  ventricle  responds,  producing  a  normal  R  S  T,  even  though  the  auricle  had  contracted 
before  the  extrasystole  was  finished.  Also,  whenever  they  occur,  the  extrasystoles  follow  the 
ncrmal  beats  by  practically  the  same  interval     (a    V  wave  is  seen  at  Nos.  3  and  8). 
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Fig.  7.  Lead  III.  The  effect  of  deep  inspiration  upon  notched  peak  (see  page  203). 
Forced  inspiration  reaches  a  maximum  at  the  arrow.  In  this  phase  the  notch  disappears. 
(Two  V  waves  are  seen  in  this  figure. ) 


-N^aX' 


Fig.   8.     Lead    ///.     Deep   inspiration,    ending  at   the  first   arrow,   is  followed  by  expiration, 
which  is  well  advanced  at  the  second  arrow.     The  notch  returns  in  this  phase. 


Affex 


Fig.  "J.  Ihe  cardiogram  ha.s  been  luuvcd  tu  the  Ictt  to  biiug  iis  onset  in  line  with  the  ousot 
of  the  E.K.G.  (Lead  ///).  The  three  waves  (1,  2  and  3)  in  the  apical  record  of  the 
extrasystole  are  sjnichronoiis  with  tliree  points  in  the  E.K.G..  It  is  suggested  tliat  the 
point  a  of  the  E. K. G.  marks  the  onset  of  the  sjstole  of  left  ventricle.  Note  the  negative 
and  positive  deflections  following  the  T  waves,  at  the  points  marked  bv  the  arrows. 
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In  studj-ing  the  rt-lations  of  the  electrocardiograms  to  the  i^olygrams 
an  interesting  synchronism  of  certain  points  has  been  observed,  and  this  has 
led  to  a  plausible  explanation*  of  the  peculiar  cardiograms  in  our  tracings 
(see  Fig.  1,  9,  12).  In  Fig.  9  the  apex  record  departs  most  from  the  normal. 
In  this  figure  the  cardiogram  has  been  moved  to  the  left,  so  as  to  bring  the 
onset  of  the  abnormal  beat,  with  its  three  waves,  at  the  same  ordinate  that 
marks  the  onset  of  the  corresponding  electrocardiogram.  It  will  be  seen 
that  the  second  part  of  the  compound  apex  wave  (1,  2,  3)  is  synchronous 
with  a  point  a  of  the  positive  peak,  and  that  the  third  wave  of  the  cardiogram 
is  synchronous  with  a  point  h  in  the  negative  part  of  the  curve.  These  time 
relations  lend  support  to  the  view  that  both  the  mechanical  and  the  electrical 
tracings  are  expressions  of  asynchronous  action  of  the  ventricles,  and  that 
the  point  a  marks  the  onset  of  the  abnormal  systole  of  the  left  basal  portion 
of  the  heart. 

We  are  inclined  to  beheve,  therefore,  that  the  wave  of  negativity 
sweeps  from  a  point  in  the  basal  portion  of  the  right  ventricle  to  the  basal 
part  of  the  left  ventricle,  and  thence  to  the  apex.  That  the  right  ventricle 
remains  in  systole  longer  than  the  left  is  to  be  inferred  from  the  final  upward 
deflection  in  lead  7,  this  final  wave  resembhng  very  closely  a  normal  T'^. 
(Einthoven.*) 

The  phonocardiograms  (Fig.  10)  are  interesting  in  connection  with  the 
asynchronous  action  of  the  ventricles.  They  show  that  the  second  sound 
caused  by  an  abnormal  beat  is  sometimes  divided,  and  that  its  duration  then 
is  about  0-03-004  second  longer  than  the  second  sound  of  a  normal  beat. 
The  first  sound  of  an  abnormal  beat  is  also  frequently  about  004  second 
longer  than  a  normal  first  sound. 

As  already  stated,  the  compensatory  pauses  are  rare  in  this  heart. 
Fig.  6  shows  a  full  pause,  due  to  the  impulse  of  the  auricle  falling  in  the 
refractory  period  of  the  ventricle.  Fig.  8  shows  one  during  inspiration  only, 
and  it  is  probable  that  the  pause  here  is  due  to  vagus  influence.  Fig.  6  is 
especially  interesting  because  the  fourth  auricular  contraction  is  not  blocked, 
although  it  comes  before  the  extrasystole  is  finished  ;  and  we  note  further 
that  the  time  relation  between  the  normal  and  abnormal  beats  where  the 
compensatory  pause  occurs  is  the  same  as  at  other  points. 

Attention  is  called  to  the  effect  inspiration  has  upon  the  normal  and 
abnormal  peaks.  We  omitted  to  make  a  special  study  of  this  matter,  but 
in  Fig.  7  and  8  it  may  be  seen  that  deep  insjDiration  markedly  increases  the 
height  of  the  abnormal  positive  peaks,  and  that  the  R  peaks  undergo 
considerable  variation,  but  in  no  regular  way. 

In  closing  this  part  of  the  paper,  Me  may  mention  the  assistance  the 
electrocardiograms  have  given  in  deciphering  the  jugular  tracings.  Good 
examples  are  seen  in  Fig.  13  and  14. 

*  We  were  at  first  of  the  opinion  that  the  atypical  npex  tracings  were  really  inverted 
cardiograms,  produced  by  withdrawal  of  the  apex  from  the  chest  owing  to  incomplete  filling  of 
the  ventricle  at  the  time  of  contraction. 
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The  effect  of  exercise. 

Table  I. 

The  effect  of  exercise  upon  the  rate  of  the  dominant  rh^-thm,  number  of 
extrasystoles,  total  number  of  ventricular  beats,  and  the  interval  between 
the  normal  and  abnormal  contractions. 


Date  of 
Observa- 
tion. 

Rate 
dominajit 
rhythm. 

No.  of 
extra- 
systoles. 

Total  No. 

ventricular 

systoles. 

Interval 
between 
normal  anJ 
extra- 
systoles. 

Remarks. 
(Ajjply  to  ventricular  beats.) 

1911 
July      10 

72 

30 

— 

— 

July 

12 

92 
86 

44 
30 

88 
86 

— 

Immediately  after  long  run. 
After   resting   few   minutes. 

JiUy 

13 

60 
92 

few 
32 

— 

15  30  sec. 
13-5/30  sec. 

Resting.      Beats   interpolated. 
After  exercise.    Beats  premature. 

July 

20 

60 
120 

50 

110 
120 

13-2/30  sec. 
12/30  sec. 

Resting.       Interpolated    beats. 
.\fter  exercise.    Beats  premature 

July 

31 

55 

45 

100 

14/30  sec. 

Resting.     Interpolated  beats. 

Aug. 

1 

54 

78 

39 
42 

93 

78 

17/30  sec. 
16/30  sec. 

Resting.     Interpolated  beats. 
Exercise.     Prematiu-e  beats. 

7 

50 

36 

74 

17/30  sec. 

Resting.     Interpolated  beats. 

Aug. 

100 

50 

100 

16/30  sec. 

Immediately  after  exercise. 
Beats  premature. 

88 

40  ? 

88 

— 

Recovery.    Beats  premature. 

00 

33 

— 

— 

Rested.     Beats  interpolated. 

Aug. 

10 

34 

none 

— 

16/30  sec. 
(exercise) 

Heart  normal.    Few  interpolated 
beats  after  severe  exercise. 

1012 
Jime     22 

86 
70 

25 
43 

24 

85 
86 

70 

16/30  sec. 
15/30  sec. 

Resting.    Beats  interpolated. 

Vigorous  exercise.  Beats  pre- 
mature. 

Recovery  from  exercise.  Beats 
interpolated. 

Oct. 

3 

56-60 

39-45 

105 

— 

Nearly       every       normal       beat 
followed  by  extrasystole. 

*  .A\erage  number  of  extrasystoles  35  after  rest  ;   45  after  exercise. 

It  will  be  noted  that  the  rate  of  the  dominant  rhythm  was  influenced 
more  by  exercise  than  was  the  number  of  ectopic  beats.  The  latter  were 
undoubtedly  increased,  but  not  always  to  the  same  degree.  It  is  interesting 
that  on  the  day  when  extrasystoles  Avere  wholly  absent  (August  the  10th) 
a  few  aj^peared  after  very  strenuous  exertion,  but  they  soon  disappeared. 
Another  point  is  that  they  were  just  as  frequent  (44  per  minute)  on  a  day 
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when  the  normal  rate  of  the  heart  was  rapid  (92,  July  the  12th),  as  on  another 
day  when  the  normal  rate  was  slow  (55,  July  the  31st).  On  August  the  1st 
the  number  of  extrasj-stoles  was  very  slighth"  increased  by  exercise. 

The  question  arises  here  as  to  the  relation  of  the  extrasystoles  to  the 
normal  beats.  Are  the  former  called  forth  by  the  latter  ?  Is  this  a  case  of 
"  bigeminy,"  in  other  words  ?  If  we  limit  the  term  "  bigeminy  "  to  the 
accurate  coupling  of  beats,  as  Lewis  proposes-^  (p.  249),  then  this  case  would 
fall  within  the  definition,  for  the  extrasystoles  have  a  pretty  well  fixed  time 
relation  to  the  normal  beats.  (They  are  separated  by  an  average  of  0-44  sec. 
in  the  electrocardiograms.  Exercise  tends  to  cause  the  extrasystole  to  come 
sooner  after  a  normal  beat  than  usual.)  The  galvanometric  records  show, 
however,  that  the  normal  and  abnormal  ventricular  contractions  have  a 
different  origin,  so  that  in  this  sense  they  are  not  coupled.  That  the  one  is 
not  dependent,  absoluteh',  upon  the  other,  is  shown  by  the  fact  that  the 
atypical  beats  often  fail  to  develop. 

Much  experimental  work  is  needed  to  aid  in  the  solution  of  these 
problems  of  the  extrasystole.  In  cases  hke  the  one  here  described  the  heart 
is  probably  damaged  by  the  products  of  infectious  disease,  and  it  is  possible 
that  such  conditions  could  be  produced  cxijerimentally  in  the  hearts  of  lower 
animals.  Auer  and  Robinson*  have  shown  that  anaphylaxis  can  cause 
heart-block  and  ventricular  ectopic  beats,  and  it  is  known  from  cHnical 
evidence  that  toxins  of  various  kinds  can  so  aifect  the  heart  as  to  disturb 
the  function  of  stimulus  production.  We  may  expect  to  gain  much  additional 
information  upon  this  subject  from  further  work  with  the  string  galvanometer 
and  other  methods  of  stud}-. 

Resemblances  to  clinical  tracings. 

Fig.  11,  taken  just  after  a  mile  run,  shows  extrasystoles  followed  by 
full  compensatory  pauses.  From  the  other  records  it  is  plain  what  has 
happened.  In  part  A  a  premature  beat  of  the  ventricle  follows  every  normal 
sj-stole  ;  in  part  B,  made  five  minutes  later,  the  premature  beat  follows 
each  second  contraction.  A  pulsus  bigeminus  results,  but  not  in  the  ordinary 
way.  Here  it  is  due  to  the  failure  of  the  extrasystole  to  force  blood  into  the 
aorta.  It  is  evident  how  different  the  interpretation  would  be  if  one  would 
depend  upon  the  sphygmogram  alone. 

In  this  connection  we  wish  to  caU  attention  to  the  close  similarity 
between  certain  of  our  arteriograms  and  those  of  pulsus  alternans.  The 
resemblance  is  only  superficial,  however,  as  can  be  seen  by  inspecting  the 
phlebograms  and  electrocardiograms.  A  good  example  of  the  pseudo- 
alternans  is  shown  in  Fig.  13.  In  a  sphj-gmogram  alone  the  record  would  be 
deceptive,  for  sometimes  this  feature  has  extended  over  a  considerable 
stretch  of  tracing.  In  Fig.  13  the  pauses  following  the  first  two  small  beats 
(1  and  2)  are  actually  shorter  (as  in  true  alternans)  than  the  pauses  preceding 
them,  but  at  the  points  marked  by  the  arrow  the  pause  is  too  long  for  alternans. 
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This  spacing  is  dependent  upon  the  slow  rise  in  ventricular  pressure  at  the 
extrasystoles  (see  Fig.  12).  We  are  reminded  here  that  this  delay,  a  common 
feature  of  extrasystoles,  has  been  attributed  by  some  solely  to  a  weaker 
contraction  of  the  heart  muscle,  but  it  is  to  be  remembered  that  there  are 
other  factors  influencing  the  speed  with  which  the  aortic  valves  are  opened. 
They  are  the  pressure  in  the  aorta  and  the  amount  of  blood  in  the  heart. 
Both  of  these  factors  vary  with  the  time  elapsing  after  the  normal  beat. 
The  earlier  the  extrasystole  occurs  the  greater  is  the  pressure  in  the  aorta 
to  be  overcome  and  the  less  the  amount  of  blood  in  the  heart,  and  vice  versa. 


ac  '-       ac 


■Af'^^-^J 


vvv-^ 


Carol 


____wJ-L-U_;L'Ju.UJJU-UUaU.JaJUJ_LUJ 


Fig.  11.  Tho  effect  of  exercise.  Part  A  made  after  a  mile  run  ;  part  B  made  five  minutes  after  A. 
The  extrasystoles  and  normal  beats  alternate  in  A  ;  in  B  every  second  normal  beat  is  followed 
by  an  abnoimal  one,  which  fails  to  produce  a  pulso  wave. 

The  onset  of  c. 

Before  closing  this  article  we  desire  to  call  attention  to  a  disputed  time 
relation  of  tlie  c  ^^ave  and  the  carotid  pulse. 

In  many  of  our  tracings,  it  may  be  seen  very  frequently  that  the  c 
wave  is  not  synchronous  with  the  carotid  pulse  wave.*  In  Fig.  12,  which 
brings  out  this  point  clearly,  the  c  wave  precedes  the  carotid  pulse  wave 
by  one-fifteenth  second,  in  the  second  normal  systole.  The  onset  of  the 
c  wave  in  the  third  regular  beat  is  uncertain.  If  we  take  it  at  the  point 
marked  by  the  *'  ?,"  then  the  c  wave  begins  one-tenth  second  before 
the  carotid  wave  ;  and  if  we  refer  to  the  extrasystoles,  the  difference  in  time 
is  much  more  striking. 


*  The  jugular  and  carotid  tracings  were  not  taken  at  the  same  level  in  the  neck,  but  a  careful 
calculation  shows  that  there  could  not  be  more  than  1 '90th,  or  at  most  I'SOth,  second  difference 
in  time  due  to  the  difference  in  the  level  of  the  two  tambours. 
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We  have  seldom  found  the  two  waves  sjaichronous  in  this  ease.  Our 
observations  of  these  records  convince  us  that  the  c  wave  is  more  nearly 
synchronous  with  the  apex  wave  in  the  tracings  described  in  this  paper. 


Fig.  13.  Multiple  tracing  made  December  the  24th,  1912.  Lead  /.  Abscissa,  /  div.  =  0-04 
sec.  ;  ordinate,  /  div.  =  10"' volts.  (These  values  are  the  same  for  all  of  the  electrocardio- 
grams.) The  time  of  origin  of  the  a  and  c  waves,  indicated  by  dots  below  the  letters,  has 
been  calciJated  from  the  E.K.G..  The  phlebogram  is  very  atypical.  Note  the  pseudo 
pulsus  alternans.  The  pauses  are  variable,  but  observe  especially  the  length  at  Nos.  1  and  2 
Notice  the  height  of  the  P  in  the  E.K.G.,  and  the  extra  positive  wave  between  P  and  R 
of  the  third  normal  beat ;  at  the  fourth  there  is  a  negative  variation  between  P  and  ff  ; 
at  the  second  regular  systole  there  is  slight  evidence  of  fibrillation  of  the  auricle.  The 
disturbances  are  scarcely  mechanical,  or  due  to  skeletal  muscles. 


Fig.    14.     Leads  II  and  III  (loft  and  right  portions  of  the  figure).     December  the  24th.  11112. 

It  is  not  necessary  to  review  the  previous  discussions  about  the  origin 
of  the  c  wave.  That  has  recently  been  done  by  Bachmann^  and  Lewis. ^** 
We  wish  simply  to  illustrate  by  Fig.  12  the  fact  that  the  c  wave  and 
carotid  wave  at  the  same  level  in  the  neck  may  be  separated  by  a  considerable 


*  See  articles  bv  Bachmann  and  Lewis  for  references  to  literature. 
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interval,  which  may  not  be  apparent  unless  the  record  is  made  upon  a 
rapidly  revolving  drum,  as  Bachmann  has  pointed  out  in  his  article  (loe.  cit.) 
in  which  he  calls  attention  to  the  lack  of  synchronism  between  the  two 
waves.  We  may  add  that  not  only  in  this  case  but  in  tracings  from  normal 
subjects  we  have  seen  this  lack  of  synchronism. 

Summary. 

A  case  of  frequently  recurring  interpolated  extrasystoles,  of  obscure 
history,  in  an  otherwise  healthy  young  man,  is  described.  The  condition 
is  comparatively  rare,  esjiecially  in  hearts  w  ithout  a  demonstrable  lesion.  In 
pathological  hearts  it  is  also  uncommon,  but  perhaps  not  so  rare  as  formerly 
believed. 

The  e.xtrasystoles  produce  an  unusual  type  of  phlebogram  and  cardiogram 
difficult  of  interpretation  ;  they  suggest  the  possibility  of  regurgitation  from 
the  ventricle,  retrograde  contractions,  and  even  nodal  extrasystoles. 
Galvanometric  records  show  that  none  of  these  is  the  true  explanation. 

From  the  electrocardiograms  it  is  learned  that  the  ectopic  stimulus 
arises  at  a  fixed  focus  in  the  right  ventricle,  and  probably  in  the  right  branch 
of  the  A-V  bundle,  and  that  the  contraction  waves  follow  a  fairly  constant 
path  through  the  basal  portion  of  the  ventricles  and  thence  to  the  apex. 
The  irregularity  has  been  remarkably  constant  during  at  least  three  years. 

An  interesting  time  relation  between  the  E.K.G.  and  the  apex  record 
is  shown.  It  is  doubtless  an  expression  of  the  asynchronous  action  of  the 
ventricles.  The  phonocardiograms,  showing  divided  second  sounds  at  the 
extrasystoles,  and  prolonged  first  sounds,  support  this  view.  The  degree 
of  irritability  of  the  focus  initiating  these  ectopic  beats  seems  to  be  somewhat 
variable,  as  once  in  a  great  while  extrasystoles  do  not  occur,  the  heart  action 
being  quite  normal.  Exercise  increases  the  number  of  ectopic  beats,  but 
not  markedly.  The  records  have  exemphfied  two  important  types  of 
arteriograms,  those  of  pulsus  bigeminus  and  of  pulsus  alternans,  both  he 
result  of  the  extrasystoles.  At  times  a  marked  lengthening  of  the 
presphygmic  interval  occurs  at  the  extrasystoles  ;  it  is  ascribed  to  three 
causes.  Occasionally  the  pauses  following  these  beats  have  been  variable  ; 
rarely  they  have  been  compensatory. 

There  is  a  distinct  lack  of  synchronism  between  the  c  wave  and  the 
carotid  pulse.  The  c  wave  must  have,  in  this  heart,  some  other  cause 
than  impact  from  the  carotid  artery. 

In  conclusion,  we  wish  to  thank  Dr.  H.  B.  Williams  for  the  valuable 
aid  he  gave  in  making  the  electrocardiograms  for  us  in  his  laboratory  at 
Columbia  University,  and  for  suggestions  concerning  the  interpretation  of 
the  records. 
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THE   RELATIVE   SYSTOLIC   DISCHARGES    OF   THE    RIGHT   AND 
LEFT    VENTRICLES    AND    THEIR    BEARING    ON    PULMONARY 
CONGESTION    AND    DEPLETION. 

By  YANDELL  HENDERSON  and  ALEXANDER  LOUIS  PRINCE. 
{From  the  Physiological  Laboratory  of  the  Yale  Medical  School.) 

If,  for  even  a  few  minutes  at  a  time,  the  right  heart  pumps  more  blood  into 
the  pulmonary  vessels  than  the  left  heart  pumps  out  of  them,  congestion  of 
the  lungs  must  result.  If,  on  the  other  hand,  the  left  heart  pumps  out  more 
than  the  right  pumps  in,  an  acute  depletion  of  the  lungs  would  be  produced. 
It  is  wonderful,  not  that  pulmonary  congestion  sometimes  occurs,  but  rather 
that  it  is  not  a  common  occurrence.  It  is  still  more  remarkable  that  a 
condition  of  pulmonary  depletion,  except  as  the  result  of  exsanguination, 
is  unknown  either  to  physiology  or  to  chnical  medicine. 

During  health  the  two  sides  of  the  heart  must  propel  exactly  the  same 
volume  of  blood  per  minute.  As  they  execute  the  same  number  of  beats 
their  systolic  discharges  must  therefore  on  the  average  be  absolutely  equal. 
And  as  the  lieart  (that  is  the  ventricle)  is  a  somewhat  shapeless  muscular 
bag  divided  into  two  compartments  which  appear  rather  unequal  in  size, 
it  is  a  problem  to  determine  the  nature  of  the  adjustment  by  which  the 
exact  equivalence  of  their  systolic  discharges  is  effected. 

The  direction  in  which  we  must  look  for  a  solution  of  this  problem  is 
indicated,  we  believe,  by  the  following  observation.  When  an  excised 
mammalian  heart  is  perfused  with  Locke's  fluid,  it  often  happens  that  while 
the  right  ventricle  beats  vigorously  the  left  remains  almost  quiescent  in  a 
state  of  contracture.  During  the  past  few  years  a  number  of  investigations 
have  been  carried  out  in  this  laboratory  showing  the  controlling  influence  of 
venous  pressure  in  distending  the  heart  during  diastole,  and  thus  determining 
the  volume  discharged  in  systole.  The  idea  naturally  presented  itself  that 
under  the  conditions  of  a  perfusion  experiment  the  lack  of  any  pressure 
within  the  left  ventricle  during  diastole  would  account  for  its  inactivity. 

Accordingly,  the  drip  tube  of  a  small  glass  funnel  was  jjassed  through 
one  of  the  severed  pulmonary  veins  and  through  the  mitral  orifice  down  into 
the  left  ventricle.  When  a  few  cubic  centimetres  of  fluid  were  poured  into 
the  funnel,  a  part  ran  down  into  the  ventricle,  and  the  mitral  flaps  closed 
tightly  round  the  drip  tube.  If  the  top  of  the  column  of  fluid  in  the  funnel 
stood  a  few  millimetres  above  the  level  of  the  mitral  orifice,  the  left  ventricle 
began  in  the  course  of  a  few  seconds  to  expand  and  contract  as  actively  as 
the  right.     As  the  pressure  in  the  perfusion  system  tied  into  the  aorla  was 
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much  greater  than  that  in  the  funnel,  the  left  ventricle  at  each  beat  drove 
its  contents  up  through  the  drip  tube,  instead  of  out  through  the  semilunar 
valves  ;  and  during  the  diastohe  relaxation  it  received  the  same  fluid  again. 
The  crucial  observation,  repeated  in  many  similar  experiments,  was  that  the 
amphtude  of  the  stroke  of  the  left  ventricle  was  mainly  governed  by  the 
height  of  the  column  of  fluid  in  the  funnel.  With  fairly  high  pressures  in  the 
funnel  the  left  ventricle  executed  beats  of  a  volume  greater  than  any  of  which 
the  right  ventricle  was  capable  at  any  pressure.  When  the  column  of  fluid 
in  the  funnel  was  reduced  below  a  certain  amount,  the  amphtude  of  stroke 
of  the  left  rapidly  fell  below  that  of  the  right. 

We  make  no  exclusive  claim  to  the  observation  that  in  a  perfused  heart 
the  left  ventricle  automatically  adjusts  the  amplitude  of  its  contractions 
during  systole  to  the  pressure  with  which  it  is  distended  during  diastole. 
It  is  in  fact  a  common  practice  in  experiments  of  this  sort  in  manj'  laboratories 
to  render  the  aortic  valves  incompetent,  so  that  some  of  the  perfusing  fluid 
leaks  into  the  left  ventricle  and  distends  it.  80  far  as  we  are  aware,  however, 
the  significance  of  such  observations  for  the  regulation  of  the  volume  of  blood 
in  the  lungs  has  not  previously  been  pointed  out. 

Theory  of  the  cardiac  regulation  of  the  pulmonary  Hood  volume. 

^Mienever  any  condition  (e.g.,  a  rise  of  pressure  in  the  sj'stemic  veins) 
increases  the  volume  of  blood  pumped  into  the  pulmonary  vessels  by  the 
right  heart,  the  rise  of  pressure  in  the  pulmonary  veins  (corresponding  to  the 
column  of  fluid  in  the  driji  tube  in  the  exjaeriment  above  described)  stimulates 
the  left  ventricle  to  larger  strokes.  So  long  as  the  left  heart  is  capable 
(as  we  find  that  it  normally  is)  of  responding  to  even  a  moderate  rise  of 
the  diastolic  distending  pressure  by  relaxations  and  contractions  larger 
than  any  of  which  the  right  heart  is  capable,  pulmonary  congestion  is 
effectively  guarded  against.  In  this  respect  the  left  heart  acts  somewhat 
like  a  dam  of  moderate  height  across  the  outlet  from  a  reservoir.  The 
pressure  and  the  volume  can  go  no  higher  than  its  toj).  It  is  only  when  an 
abnormally  great  pressure  is  involved  in  the  distension  of  the  left  heart, 
as  the  result  of  injured  valves  or  excessive  tonus,  that  the  top  of  the  dam  is 
so  far  raised  as  to  produce  pulmonary  congestion.  On  the  other  liand 
whenever  the  output  of  the  right  heart  is  in  any  way  considerably  decreased, 
the  left  ventricle  responds  to  the  lower  pressure  in  the  pulmonary  veins  by  a 
more  than  proportionally  decreased  stroke.  Thus  the  lungs  are  never 
drained  of  their  blood. 

Most  of  the  literature  deahng  with  the  volume  of  blood  in  the  lungs 
treats  of  variations  in  the  cajiacity  of  the  pulmonary  vessels  under  the 
influence  of  respiration  and  of  the  existence  of  a  vaso-motor  innervation. 
The  conceptions  of  vaso-constriction  and  vaso-dilatation  which  hold  true 
of  a  hmb  or  a  loop  of  intestine  cannot  without  modification  be  apphed  to  the 
lungs.     The  Umb  and  the  intestine  each  receive  only  a  fraction  of  the  total 
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blood  stream,  and  this  fraction  may  be  increased  or  decreased  by  compensa- 
tory changes  elsewhere  even  at  a  time  when  the  stream  as  a  whole  is  being 
varied  in  an  opposite  sense.  On  the  other  hand  the  entire  blood  stream 
flows  through  the  lungs,  all  parts  of  which  are  alike  ;  and  the  heart,  or 
rather  as  we  shall  show  the  right  ventricle,  and  not  the  vaso-motor  mechanism, 
is  the  metre  of  the  total  circulation.  Our  observations  greatly  lessen 
the  functional  importance  which  physiologists  have  generally  assigned  to 
direct  vascular  control  (vaso-motor  innervation)  of  the  volume  of  blood  in 
the  lungs.  Analysis  of  all  of  our  data  indicates  that,  if  in  the  body  the  left 
heart  has  the  same  tonus  and  elasticity  as  in  our  experiments,  the  "  effective 
pressure  "*  in  the  pulmonary  veins  can  never  rise  much,  nor  for  more  than 
a  few  seconds  at  a  time,  above  80  mm.  saline  nor  fall  much  below  50  mm.. 
Whatever  influence  variations  of  vascular  tonus  in  the  lungs  may  have  must 
be  produced  through  the  responsive  adjustment  of  the  left  heart.  Thus 
vaso-dilatation  in  the  pulmonary  area  by  decreasing  the  pressure  in  the 
pulmonary  veins  will  temporarily  induce  a  decreased  stroke  and  allow 
accumulation  of  blood  in  the  lungs,  while  vaso-constriction  by  raising  the 
pressure  will  augment  the  stroke  and  cause  a  decrease  in  the  volume. 

Method  of  experimentation. 

The  technique  employed  in  our  experiments  is  shown  in  Fig.  1. 
Excluding  failures  eight  cats  were  used.  The  animals  were  not  anaesthetised, 
as  even  a  httle  ether  \\eakens  the  heart  for  such  experiments,  but  were 
killed  by  decapitation.  Ligatures  were  placed  on  the  pulmonary  artery, 
azygos  vein,  and  both  venae  cavae.  The  heart  was  then  removed  from  the 
body,  a  cannula  tied  into  the  stump  of  the  aorta,  and  the  perfusion 
immediately  begun.  The  fluid  used  consisted  of  equal  parts  of  defibrinated 
sheep's  blood  and  Locke's  solution.  In  some  of  our  earUer  experiments 
it  was  found  that  the  heart  soon  developed  an  excessive  tonus,  a  sort  of 
cramp  or  contracture,  which  decreased  the  extent  of  its  diastohc  relaxations 
and  required  an  abnormally  great  pressure  for  the  distension  of  the  left 
ventricle.     The  rate  of  flow  through  the  coronary  vessels  was  also  very  small. 

In  order  to  increase  the  flow  and  to  reduce  the  tonus  of  the  heart  to 
a  degree  allowing  maximal  efficiency  the  perfusion  fluid  was  impregnated 
A\  ith  half  its  volume  of  C0„  gas.  Oxygen  was  then  bubbled  through  it  until 
it  assumed  a  bright  arterial  colour.  The  bottle  containing  this  fluid  (C)  and 
also  the  jar  of  saUne  (E)  in  which  the  heart  was  immersed  were  both  placed 
in  a  water  bath  (D)  kejjt  at  about  36°,  a  temperature  at  which  the  heart 

*  The  term  "  effective  pressure,"  as  used  by  Henderson  and  Barringer, '  "'"^  -  is  the  force 
which  fills  tlie  heart  during  diastole.  It  is  the  difference  between  the  pressure  in  the  veins  or 
auricle  and  that  in  the  intra-pleural  or  pericardial  spaces.  As  the  latter  is  negative  by  20  mm. 
to  SO  mm.  saline,  the  actual  pressure  ni  the  pulmonary  veins  would  be  only  slightly  greater 
than  the  pressure  of  the  atmosphere  in  the  alveoli.  Occasionally  the  pressure  in  the  left 
auricle  is  below  zero,  and  the  pulmonary  veins  within  the  lun^s  must  be  partially  collapsed. 
These  conditions  are  practically  identical  with  those  in  the  systemic  veins  near  the  heart  (e.g. 
the  jugular).  Since  this  paper  was  sent  to  press  Wiggers'  has  published  observations  upon 
dogs  imder  conditions  as  nearly  normal  as  possible  in  which  he  finds  the  pressvires  in  the  right 
and  left  auricles  to  be  approximately  equal. 
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beat  about  100  times  a  minute.  A  pressure  of  120  cms.  of  water  was 
imparted  to  the  perfusion  system  by  means  of  the  device  shown  at  the  right 
in  the  figure  ( A  A ' ) 


Fig.  1.  Arrangement  of  lieart  and  apparatus  for  recording  the  influence  of  various  diastolic 
distending  pressures  in  the  right  and  left  ventricles  upon  their  amplitude  of  stroke.  The 
pressure  (120  cms.  water)  produced  by  AA'  forces  the  perfusion  fluid  in  C  into  the  aorta  of  a 
cat's  heart  immersed  in  saline  in  jar  E.  Into  the  ventricles  are  inserted  the  cannula?  at  the 
lower  ends  of  the  tubes  FF',  in  which  the  amount  of  fluid  can  be  \'aried  by  means  of  the 
bottles  GG'.  At  each  systole  the  ventricles  force  their  contents  up  into  FF',  and  during 
diastole  receive  the  same  volume  again.  The  height  of  the  columns  of  fluid  in  FF'  above  the 
surface  of  the  saline  in  E  is  the  diastolic  distending  pressure,  and  is  measured  by  means  of  a 
millimetre  scale  (not  shown).  The  amplitude  of  the  pulsations  of  the  columns,  or  volume 
of  the  systolic  discharges,  is  traced  on  a  smoked  drum  by  means  of  the  volume  recorders  HH'. 
When  the  volume  in  FF'  is  varied,  the  recorders  are  adjusted  to  an  unchanged  elevation 
by  means  of  the  tubes  and  clamps  J. 
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The  apparatus  for  producing  the  desired  pressures  in  the  ventricles 
consisted  of  two  glass  tubes  (FF')  of  about  20  cms.  length  and  2  cms.  diameter. 
In  the  lower  end  of  each  a  brass  cannula  5  cms.  in  length  and  6-5  mm.  bore 
was  held  by  means  of  a  perforated  rubber  stopper.  On  the  left  side  of  the 
heart  the  cannula  was  merely  slipped  in  through  one  of  the  severed  pulmonary 
veins  and  down  into  the  ventricle.  The  closure  of  the  mitral  flaps  around  the 
cannula  as  soon  as  fluid  was  introduced  entirely  prevented  leakage.  On  the 
right  side  the  cannula  was  introduced  through  the  vena  cava  superior  and 
down  into  the  ventricle.  When  very  high  pressures  were  produced,  it  was 
necessary  to  ligate  the  vein  on  the  cannula,  as  the  tricuspid  valve  was  prone  to 
be  incompetent  if  the  right  heart  was  over  distended.  When  the  vein  was 
thus  ligated  the  perfusion  fluid  flowing  from  the  coronary  veins  accumulated 
in  the  tube  and  gradually  raised  the  column  of  hquid  within  it.  Otherwise 
it  escaped  easily  from  the  auricle  through  a  severed  vein. 

The  pressures  within  the  ventricles  were  set  at  the  desired  values  and 
varied  by  increasing  or  withdrawing  the  fluid  in  the  tubes  (FF^).  When  the 
heart  was  beating  vigorously  the  fluid  sometimes  pulsated  as  much  as  10  or 
even  15  mm.  rising  as  it  was  discharged  from  the  ventricles  during  systole 
and  falling  as  it  ran  back  into  them  during  diastole.  The  pressure  causing 
each  ventricle  to  fill  was  taken  as  the  mean  height  of  the  top  of  the  pulsating 
column,  measured  by  means  of  a  millimetre  scale,  above  the  surface  of  the 
fluid  in  the  jar  in  which  the  heart  and  lower  ends  of  the  tubes  were  immersed. 

The  tubes  were  carefully  tested  to  determine  whether,  under  such  heads 
of  pressure  as  were  used  in  our  experiments  and  in  a  period  of  time  equal  to 
that  of  diastole,  they  were  capable  of  delivering  from  the  cannulas  at  their 
lower  ends  volumes  considerably  greater  than  the  tidal  volumes  of  the 
ventricles  actually  observed.  It  was  found  that  at  low  pressures  the  possible 
deUvery  of  the  tubes  was  50  per  cent.,  and  at  liigh  pressures  100  per  cent, 
greater,  than  either  ventricle  accepted  in  any  of  our  experiments. 

The  volume  recorders  (HH^)  by  means  of  which  the  ampUtude  of  the 
pulsations  in  each  tube  was  traced  on  a  smoked  drum  were  constructed 
of  thin  rubber  finger  cots,  with  a  bit  of  cork  in  the  upjjer  end  carrying  a 
vertical  straw  as  a  guide.  The  lower  ends  were  drawn  over  perforated 
rubber  stoppers  held  by  clamps  and  connected  by  tubing  with  the  tubes 
(FF^).  These  simple  devices  were  found  to  be  extremely  quick  in  action, 
having  an  internal  pressure  of  only  6  mm.  water,  and  to  be  sufficiently 
accurate  to  record  down  to  0-2  c.c.  the  volume  of  the  pulsations  of  the 
ventricles. 

The  relations  of  distending  pressures  to  tidal  volumes. 

An  example  of  the  graphic  records  obtained  is  reproduced  in  Fig.  2. 
The  upper  curve  expresses  the  activity  of  the  right  ventricle,  and  the  lower 
that  of  the  left.  Below  the  time  hne  are  noted  the  "  venous  "  or  diastoUc 
distending  pressures.  The  relations  of  the  curves  and  pressures  are  shown 
diagrammatically  in  Fig.  3.     Here,  and  in    Fig.  4  and   5,  the  broken  Knes 
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refer  to  the  right  ventricle  and  the  unbroken  to  the  left.  The  paired  vertical 
lines  express  the  tidal  volumes  of  the  ventricles  at  the  pressures  indicated 
by  the  height  at  which  they  are  intersected  bj'  the  two  pressure  lines.  The 
abscissa  has  no  particular  time  value,  except  that  a  minute  or  two  elapsed 
after  each  change  of  pressure,  in  order  to  allow  the  heart  to  become  adjusted 
to  the  conditions,  before  the  observations  were  taken. 

In  this  experiment  the  pressure  in  the  right  ventricle  (the  horizontal 
line)  was  maintained  throughout  at  50  mm.  :  the  "critical"  level  at  which, 
as  our  other  experiments  show,  and  as  Henderson  and  Barringer^  found 
for  the  dog"s  heart  also  (confirmed  by  Piper'-),  the  right  ventricle  attains 
maximum  efficiency.  The  pressure  in  the  -left  heart  (the  sloping  hne)  on 
the  contrary,  starting  at  zero,  was  gradually  increased.  The  smallness  of 
the  strokes  of  the  left  ventricle  as  compared  with  those  of  the  right,  as  long 
as  the  pressure  in  the  former  was  below  that  in  the  latter,  shows  the  behaviour 
of  the  heart  by  which  during  life  pulmonary  depletion  is  prevented.  Just 
beyond  the  point  at  which  the  two  pressure  hnes  intersect  (i.e.,  50  mm.  on 
both  sides)  the  tidal  volumes  of  the  two  ventricles  are  equal.  Such  equiva- 
lence during  life  would  maintain  the  pressures  in  the  pulmonary  veins  at 
practically  the  same  amount  as  in  the  systemic  veins  near  the  heart,*  and 
would  keep  the  pulmonary  blood  volume  constant. 

As  the  pressure  in  the  left  ventricle  was  increased  above  50  mm.  the 
amphtude  of  stroke  was  still  further  augmented,  although  in  lessening 
degree  up  to  170  mm..  The  "  critical  "  value  thus  indicated  for  the  pressure 
in  the  pulmonary  veins,  i.e.,  the  pressure  in  response  to  which  the  left 
ventricle  would  respond  with  a  maximum  efficiency,  is  more  than  three 
times  as  great  as  that  for  the  right  heart  and  much  greater  than  we  have 
any  reason  to  suppose  ever  occurs  in  the  healthy  body.  From  these 
observations  it  appears  that  during  normal  life  the  left  ventricle  (unhke 
the  right)  is  seldom  or  never  worked  to  its  maximum  efficiency.  It  is  this 
margin  of  safety  which  insures  the  lungs  against  congestion. f 

As  the  pressure  in  the  left  ventricle  was  increased  above  that  in  the  right, 
not  only  was  the  tidal  volume  of  the  former  augmented,  but  that  of  the 
latter  was  decreased.  In  life  such  conditions  would  occur  when  the  left 
heart  is  over-loaded,  and  as  a  result  the  efficiency  of  the  right  ventricle 
impaired,  and  the  blood  stream  dammed  back  in  the  systemic  veins.  There 
seems  to  have  been  no  explanation  heretofore  as  to  how  a  systemic  venous 

*  Compare  footnote  on  page  219. 

t  This  property  of  the  left  ventricle  affords  a  possible  explanation  for  the  slight  respiratory 
variations  in  arterial  pressure  which  sometimes  occur  even  when  the  heart  rate  is  uniform.  The 
effective  distending  pressures  in  the  right  heart  are  generally  increased  by  inspiration  and  decreased 
by  expiratioi}.  On  the  other  hand  the  different  phases  of  respiration  influence  the  capacity  of  the 
pulmonfiry  vessels  so  that  the  effective  pressures  in  the  left  heart  are  sometimes  greater  during 
expiration  than  during  inspiration  (Wiggers  *).  The  tidal  volumes  discharged  into  the  aorta 
are  correspondingly  augmented  or  lessened.  The  variations  of  arterial  pressure  thus  induced 
{i.e.  expiratory  rise  and  inspiratory  fall)  are.  however,  usually  so  slight  as  to  indicate  no 
considerable  deviation  from  the  principle  of  the  "  superimpossibility  of  the  volume  curves." 
We  beUeve  that  Henderson  and  Barringer'  were  correct  in  claiming  that  the  right  ventricle, 
owing  to  its  low  critical  distending  pressure,  ordinarily  works  at  full  efficiency  ;  and  that  in 
general  variations  in  the  heart  rate  are  the  cause  of  nearly  all  of  the  more  considerable  changes 
of  arterial  pressure  sj-nchronous  with  respiration. 


224 


HEN  DERfiON    AND    PRINCE 


engorgement  can  result  from  pulmonary  congestion,  except  that  the  pressure 
in  the  pulmonary  arteries  is  raised  so  high  that  the  right  ventricle  is  unable 
to  make  a  full  systolic  discharge  against  it.  The  behaviour  of  the  heart 
here  noted  suggests  that  the  congestion  may  sometimes  be,  so  to  speak, 
short-circuited  through  the  heart  itself  by  displacement  of  the  interventricular 
septum  during  diastole.  There  is  ample  experimental  evidence  to  show 
that  under  all  ordinary  conditions  the  right  heart  discharges  efficiently 
against  any  pressure  that  ever  occurs  in  the  lungs,  and  that  its  tidal  volume 
is  as  completely  independent  of  pulmonary  resistance  as  it  is  entirely 
dependent  upon  the  supj^ly  and  pressure  from  the  systemic  veins. 
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Fig.  4.  Diagram  of  an  experiment  in  which  the  pressures  were  increased  simultaneously  and 
equally.  At  first  the  tidal  volumes  of  the  right  heart  are  considerably  greater  than  those  of 
the  left.  The  former  reach  their  maximum,  however,  at  about  50  mm.,  and  thereafter 
decrease  notably  while  the  latter  continue  to  augment  with  increase  of  pressure. 
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Fig.  5.  Diagram  of  an  experiment  in  which  the  pressiu-e  in  the  left  ventricle  was  maintained 
throughout  at  SO  to  90  mm.,  while  that  in  the  right  was  progressively  increased.  The 
critical  pressure  in  tlie  right  is  reached  at  about  50  mm.,  altliough  the  left  (at  90  mm.)  is 
stiU  slightly  more  efficient.  When  the  pressure  in  the  right  exceeds  70  mm.  the  strokes 
of  both  ventricles  are  noticeably  decreased. 


In  Fig.  4  are  shown  diagrammatically  the  efficiency  of  the  two  sides  of  the 
heart  in  an  experiment  in  which  the  jiressures  were  increased  simultaneously 
and  equally.  At  the  lower  pressures  the  tidal  volumes  of  the  right  greatly 
exceed  those  of  the  left.  Under  such  conditions  in  the  body  blood  w  ould 
rapidly  accumulate  in  the  lungs.  The  critical  pressure  for  the  right  was 
reached  at  50  mm.  At  pressures  above  70  mm.  the  right  exhibits  a  marked 
decrease  in  stroke,  while  the  left  continues  to  increase  up  to  150  mm..  The 
pressure  at  which  the  two  ventricles  would  pump  the  same  volume  of  blood, 
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and  thus  keep  the  pulmonary  blood  volume  constant,  was  in  this  case 
therefore  about  70  mm.,  a  pressure  somewhat  higher  than  in  most  of  our 
experiments  and  due  to  the  tonus  of  the  left  ventricle.  At  all  pressures 
above  this  level  the  left  lieart,  if  it  behaved  in  the  body  as  under  the  conditions 
of  the  experiment,  would  pump  out  of  the  lungs  a  considerably  greater 
volume  that  the  right  pumps  in. 

In  Fig.  5  is  shown  the  Ijohaviour  of  the  iieart  in  an  experiment  in  which 
the  pressure  in  the  right  ventricle  was  gradually  raised,  while  that  in  the  left 
was  kept  at  80  to  90  mm..  At  all  times  tlie  tidal  volumes  in  the  left  exceeded 
to  a  greater  or  less  extent  those  in  the  riglit.  The  latter  reached  its  critical 
pressure  at  about  50  mm..  Pressures  in  the  right  above  70  mm.  caused  a 
marked  decrease  in  the  amplitude  of  stroke  in  both  ventricles.  From  this 
observation  it  appears  that  unusually  higii  venous  pressures,  instead  of 
augmenting  the  efficiency  of  the  heart,  may  seriously  interfere  with  its 
activit}'. 

The  whole  mass  of  data  obtained  in  all  of  our  experiments  was  in  such 
close  agreement  with  the  foregoing  illustrations  that  it  need  not  be  further 
detailed.  The  method  of  observation  was,  as  we  fully  realise,  highly 
artificial  and  needful  of  corroboration  along  otlier  lines.  It  has,  however, 
the  advantage  of  extreme  simplicity  and  of  affording  so  far  as  it  goes  a 
complete  picture  of  the  relations  of  the  tidal  volumes  of  the  ventricles  to  each 
other  and  to  their  diastolic  distending  pressures.  Moreover  the  behaviour 
of  the  ventricles  under  the  conditions  above  described  seems  to  us  to  throw 
some  light  on  the  manner  in  which  the  heart  becomes  adjusted  to  long 
continued  conditions  as  defined  by  Sahli's  laws.^  In  the  course  of  these 
and  other  investigations  on  closely  related  topics  we  have  in  fact  been 
frec[uently  impressed  with  the  idea  that  not  only  in  the  compensation  of 
valvular  defects,  but  also  in  the  growth  of  the  heart  during  childhood  and  in 
athletic  training,  the  pressure  in  any  one  of  the  heart's  chambers  during 
diastole  must  be  the  principal  factor  determining  its  capacity  and  tidal 
volume,  and  the  pressure  during  systole  must  be  the  factor  regulating  the 
thickness  of  its  walls  and  the  resistance  which  they  are  able  to  overcome 
when  contracting. 

Conclusions. 

The  experiments  here  reported  show  the  controUing  influence  of  the 
diastolic  distending  pressures  in  the  ventricles  upon  their  tidal  volumes. 
The  results  indicate  that  the  volume  of  blood  in  the  lungs  must  be  in  great 
part  regulated  by  the  relative  efficiency  of  the  two  sides  of  the  heart. 

The  right  ventricle  (of  the  cat's  heart)  reaches  its  greatest  tidal  volume 
at  the  "  critical  "  pressure  of  about  50  mm.  saUne.  As  this  is  approximately 
the  effective  pressure  {i.e.,  the  absolute  venous  pressure  plus  intra-pleural 
negative  pressure)  maintained  during  life,  the  conclusion  is  drawn  that  the 
right  ventricle  normally  works  at  maximum  efficiency. 
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The  left  ventricle  at  pressures  below  50  mm.  saline  has  a  much  smaller 
stroke  than  the  right.  During  life  this  function  of  the  left  ventricle  prevents 
pulmonary  depletion.  Between  50  mm.  and  80  mm.  the  two  ventricles 
have  about  equal  tidal  volumes,  and  the  volume  of  blood  in  the  lungs  therefore 
would  be  maintained  at  a  nearly  constant  point.  At  higher  pressures,  the 
tidal  volume  of  the  left  ventricle  continues  to  increase  up  to  a  hmit  which  is 
probably  above  any  which  occurs  normally.  This  ability  of  the  left  ventricle, 
under  high  jiressures  in  the  lungs,  to  pump  more  than  the  right  is  the  function 
which  normally  prevents  jDulmonary  congestion. 

The  inference  is  drawn  that  during  health  the  pressure  in  the  pulmonary 
veins  can  never  rise  to  much  more  than  80  mm.  saline,  nor  fall  to  much  less 
than  50  mm.,  above  the  (negative)  pressure  in  the  intra-pleural  and 
pericardial  spaces.  These  figures  are  not.  however,  invariable,  but  depend  to 
a  marked  degree  upon  the  tonus  of  the  left  heart,  and,  of  course,  upon  the 
integrity  of  the  valves.  Other  things  being  ec[ual,  the  volume  of  blood 
in  the  lungs  must  vary  as  the  tonus  of  the  left  ventricle. 

High  diastolic  distending  pressures  in  the  left  ventricle  markedly 
interfere  with  the  efficiency  of  the  right.  Over  distension  of  the  right  may 
decrease  the  efficiency  of  both  sides. 

The  behaviour  of  the  heart  in  these  experiments  lends  support  to  Sahli's 
laws  of  compensation,  and  suggests  that  these  principles  may  apply  also  to 
the  development  of  the  heart  in  childhood  and  in  athletic  training. 
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EXPERIMENTS   ON   THE   ORIGIN   AND   PROPAGATION   OF   THE 
IMPULSE    IN    THE    HEART. 

By  WALTER  J.  MEEK  and  J.  A.  E.  EYSTER. 

(From  the  Physiological   Laboratory  of  the    University  of   Wisconsin.) 

in.— THE    EFFECT    OF    V.\GAI,     .*TIMrL.\TIOX     OX     THE     LOCATIOX      OF     THE     PACEMAKER,    THE 

LOCATION    OF    THE    PACEJfAKEE    IN     AX-KICrLO-VEXTRICn.AR      RHVTHM,    AXD    THE    EFFECT    OF 

VAGAL    STIMCLATIOX    OX    THIS    RHTTHil. 

lyitroduction. 

It  has  been  known  since  the  work  of  Engelmann^  and  Lohmann^^  that 
under  certain  conditions  the  seat  of  impulse  formation  in  tlie  heart  might 
shift,  temporarily  or  for  a  longer  period  of  time,  from  its  normal  position 
somewhere  near  the  mouths  of  the  great  veins.  These  conditions  have  fallen 
into  two  classes  :  first,  those  which  depress,  eliminate,  or  block  the  influence 
of  the  sinus  region  ;  and,  second,  those  which  exalt  the  activity  of  some  other 
part  possessing  inherent  automaticity.  Since  the  discovery  of  speciaUsed 
tissue  in  the  mammahan  heart,  studies  along  this  hne  have  largely  resolved 
themselves  into  investigations  of  the  relations  existing  between  the  sinus 
and  auriculo-ventricular  nodes.  A  brief  review  of  the  past  observations 
may  serve  as  an  introduction  to  our  own  work. 

Engelmann*  first  clearly  described  what  is  now  known  as  atrio- 
ventricular or  nodal  rhythm.  In  frog  hearts  after  the  first  Ugature  of 
Stannius  he  found  that  in  certain  experiments  the  auricles  and  ventricle 
beat  simultaneously,  or  nearly  so.  On  the  assumption  that  excitation 
spread  in  aU  directions  at  the  same  rate,  Engelmann  worked  out  on  a 
mathematical  basis  whej-e  the  impulse  must  have  arisen  to  fulfil  the  time 
values  of  the  .45- Ts  intervals.  The  point  of  origin  was  found  to  be  the 
ventricular  side  of  the  auriculo-ventricular  ring. 

A  year  later  Lohmann^®  observed  that  the  spontaneous  beats  which 
broke  through  vagal  inhibition  both  in  the  rabbit  and  the  tortoise  often 
showed  a  greatly  reduced  As-Vs  interval.  He  located  the  seat  of  impulse 
formation  in  the  ''  Briickenfasern "  connecting  auricles  and  ventricles. 
Accordingh'  as  the  ventricular,  middle,  or  auricular  portion  of  these  structures 
became  automatic  the  As-Vs  intervals  were  negative,  zero,  or  positive  in 
value.  By  stimulating  the  auriculo-ventricular  junction  he  produced  a 
condition  in  which  the  intervals  were  permanently  shortened.  So  far  as 
we  are  aware  this  was  the  first  time  auriculo-ventricular  rhythm  had  been 
produced  experimentally  in  the  mammalian  heart. 
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Mackenzie ^^  in  1904  described  a  clinical  case  in  which  the  n-c  interval 
of  the  venous  pulse  was  zero.  He  believed  that  the  auricles  and  ventricles 
were  beating  simultaneously  but  made  no  attempt  to  localise  the  point  of 
impulse  formation.  Hering^  in  1905  showed  that  accelerator  stimulation 
might  reduce  the  interval  between  auricular  and  ventricular  systoles,  and 
shortly  afterward  he  secured  a  few  auriculo-ventricular  beats  on  vagal 
stimulation. 

Lohmann^'  in  1008  extended  his  previous  work  by  killing  the  sinus 
region  with  formalin.  Auricles  and  ventricles  soon  beat  synchronously. 
Since  a  ventricular  extrasystole  showed  the  normal  delay  on  its  passage 
to  the  auricle  he  reaffirmed  his  previous  conclusion  that  the  impulses  were 
arising  in  the  musculature  of  the  auriculo-ventricular  ring.  Hering^" 
repeated  these  experiments  and  confirmed  them,  adding  the  observation 
that  in  the  early  stages  the  pacemaker  might  api^arently  shift  back  and 
forth  between  the  sinus  region  and  the  auriculo-ventricular  border. 

Heringii  also  tested  the  original  proposition  of  Tawara  that  there 
might  be  a  delay  of  conduction  in  the  auriculo-ventricular  node.  He  found 
this  to  be  the  case,  the  latent  period  of  the  auricle  being  twice  as  long  when 
stimulated  through  the  conductive  system  as  when  stimulated  directly. 
The  different  values  which  the  As-Vs  intervals  might  have  Hering  sought 
to  explain  by  assuming  impulse  formation  in  various  parts  of  the  auriculo- 
ventricular  node.  In  this  explanation  he  followed  the  suggestion  previously 
made  by  Lohmann. 

Rothberger  and  Winterberg'^*^"  have  published  important  papers 
on  the  relation  of  the  cardiac  nerves  to  atrio-ventricular  autonomy.  They 
found  atrio-ventricular  rhythm  produced  in  30  per  cent,  of  their  experiments 
by  stimulation  of  the  left  accelerator  nerve.  The  explanation  of  this  they 
believed  to  be  in  the  manner  of  nervous  distribution,  the  left  accelerator 
going  almost  exclusively  to  the  auriculo-ventricular  border.  Simultaneous 
stimulation  of  the  right  vagus  should  have  aided  in  bringing  about  this 
result,  but  practically  it  did  not  prove  very  effective. 

Ganter  and  Zahn^  secured  atrio-ventricular  rhythm  by  cooling  the 
sinus  with  specially  devised  thermodes.  During  this  rhythm  changes  in 
temperature  were  ineffective  except  when  the  thermodes  were  apphed  to 
that  part  of  the  auricular  septum  comprising  Tawara's  node.  Brandenburg 
and  Hoffmann^  confirmed  the  previous  experimenters  and,  in  addition, 
found  that  if  the  sinus  were  extirpated  by  some  method  which  caused  great 
stimulation,  such  as  cutting  or  clamping,  an  electrocardiogram  resulted 
which  was  in  all  particulars  like  the  normal.  No  part  of  the  auricle  could 
then  be  found  in  which  cooling  influenced  the  heart  rate.  Brandenburg 
and  Hoffmann  concluded  that  in  these  cases  the  seat  of  impulse  formation 
had  become  diffuse  in  the  auricular  musculature. 

In  a  recent  jiaper  Zahn^'  has  sought  to  study  the  different  portions  of 
the  auriculo  ventricular  node  by  means  of  his  thermode  method.  He  found 
that  in  atrio-ventricular  rhythm  induced  by  extirpation  of  the  sinus  region 
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with  intense  stimulation,  as  well  as  in  those  cases  in  which  the  As-Vs  interval 
approached  the  normal  value,  the  only  part  of  the  auricle  in  which  cooUng 
influenced  the  rate  was  that  part  of  Tawara's  node  which  extends  towards 
the  coronary  sinus.  When  the  interval  was  zero  it  was  the  middle  portion 
of  the  node  which  was  affected  by  cooling  and  in  the  case  of  negative  intervals 
it  was  the  ventricular  portion  alone  which  was  influenced  by  temperature 
changes.  In  all  cases  Zahn  believed  the  seat  of  impulse  formation  resided 
in  some  part  of  the  specialised  heart  tissue. 

Kure**  has  also  recently  reviewed  past  work  and  studied  carefully  the 
effects  of  stimulation  of  the  cardiac  nerves  on  heterotopic  impulse  formation. 
Stimulation  of  the  cardiac  nerves  bj'  natural  means  such  as  asphyxia  was 
shown  to  produce  atrio-ventricular  rh^-thm.  The  work  confirmed  that  of 
Rothberger  and  Winterberg. 

As  a  net  result  of  the  researches  mentioned  above  we  know  that  various 
procedures  which  depress,  injure  or  extirpate  the  sinus  node,  such  as  cooling, 
cutting,  clamping,  burning  and  poisoning  with  certain  drugs,  or  those 
procedures  which  stimulate  the  auriculo-ventricular  junction  such  as  left 
accelerator  stimulation,  will  bring  on  a  condition  in  which  the  As-Vs  intervals 
are  shortened,  in  some  cases  even  becoming  negative.  The  behef  that  in 
these  cases  the  impulses  are  arising  in  the  auriculo-ventricular  node  rests  on 
deductions  from  the  rate  at  which  the  excitation  spreads  over  the  heart, 
the  delay  in  conduction  found  by  He  ring  in  Tawara's  node,  and  the  findings 
of  Ganter  and  Zahn  that  heat  or  cold  only  affect  the  heart  rate  when  applied 
to  some  part  of  the  auriculo-ventricular  node.  The  latter  evidence,  if 
confirmed,  amounts  to  a  demonstration  of  the  correctness  of  the  theory. 

It  has  seemed  to  us  that  new  Hght  might  be  cast  on  these  subjects  by 
means  of  electrical  studies.  Our  problem  has  therefore  been  to  study  by 
means  of  the  principle  of  initial  negati\-ity  the  seat  of  impulse  formation 
during  vagal  stimulation,  the  origin  and  course  of  the  excitation  during 
auriculo-ventricular  rhythm,  and  the  efiEect  of  vagal  stimulation  on  this 
rhj^thm. 

Methods. 

The  methods  employed  in  this  research  have  been  similar  to  those 
described  in  the  first  paper  of  this  series.'  Initial  negativity  has  been 
determined  bj'  connecting  two  parts  of  the  heart  through  a  string  galvano- 
meter and  noting  the  first  movement  of  the  shadow  of  the  thread.  This  is 
the  method  which  has  been  previously  used  by  Wybauw,-"  Lewis ^^  and 
others.  Non-polarisable  electrodes  were  fastened  to  the  heart  by  means  of 
woollen  threads  at  the  following  places  :  No.  1,  on  the  sulcus  terminahs 
about  3  mm.  below  the  angle  of  the  superior  vena  cava  and  the  right  auricular 
appendage  ;  No.  2,  on  the  atrium  of  the  right  auricle  about  6  mm.  to  the 
right  of  the  sulcus  terminalis  ;  No.  3,  on  the  superior  vena  cava  at  about 
10  mm.  distance  from  the  sinus  electrode  :  No.  4,  on  the  coronary  sulcus 
as  near  as  possible  to  the  ventral  margin  of  the  coronary  sinus  ;    No.  5,  on 
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the  auricular  seijtum  just  above  the  middle  cusp  of  the  tricuspid  valve. 
The  latter  contact  was  secured  by  means  of  a  long  glass  electrode  passed 
through  the  external  jugular  and  superior  vena  cava  into  the  right  auricle. 

The  position  of  the  electrodes  was  always  verified  after  the  experiment 
and,  in  many  cases,  histological  examinations  were  made.  Electrode  No.  1 
was  placed,  as  near  as  we  could  judge,  on  the  head  of  the  sinus  node.  The 
histological  examinations  proved  that  it  was  always  at  least  in  contact  with 
nodal  tissue.  In  placing  Nos.  4  and  5  we  attempted  to  bring  them  in  contact 
with  the  different  parts  of  the  auriculo-ventricular  node.  The  work  of 
Aschoff^  has  shown  that  this  node  consists  of  a  ventricular  and  an  auricular 
portion,  the  latter  sending  processes  around  the  coronary  sinus.  Our 
electrodes  were  thus  at  the  extreme  ends  of  this  node.  The  coronary  sinus 
electrode  may  not  always  have  been  directly  on  nodal  tissue  but  it  was 
always  in  very  close  relation  to  it,  so  close  that  we  beheve  it  must  have 
expressed  the  electrical  condition  of  this  part. 

The  five  electrodes  just  mentioned  were  attached  to  the  galvanometer 
through  a  special  key  by  means  of  which  any  two  electrodes  might  be 
instantly  connected.  The  following  couples  could  in  this  way  be  compared 
at  any  moment  : — 

Right  auricle  and  sinus  node. 

Right  auricle  and  the  ventricular  part  of  the  auriculo-ventricular 

node. 
Sinus  node  and  the  ventricular  part  of  the  auriculo-ventricular  node. 
Sinus  node  and  the  superior  vena  cava. 

Ventricular  part  of  the  auriculo-ventricular  node  and  the  superior 

vena  cava. 
Ventricular  part  of  the  auriculo-ventricular  node  and  the  coronary 

sinus. 

Superior  vena  cava  and  the  coronary  sinus. 
Superior  vena  cava  and  the  right  auricle. 
Coronary  sinus  and  the  right  auricle. 
Coronary  sinus  and  the  sinus  node. 

The  electrodes  were  so  attached  to  the  galvanometer  that  the  upstroke 
on  the  i^hotographic  record  indicated  primary  negativity  in  the  second 
member  of  the  couple.  A  mechanical  record  of  the  right  auricle  was  also 
secured  on  the  photographic  record  by  means  of  air  transmission  and  a 
tambour  lever  in  front  of  the  photographic  slit.  Simultaneously  with  the 
electrical  records  mechanical  curves  of  the  right  auricle  and  right  ventricle 
were  secured  on  a  smoked  kymograph  by  air  transmission.  Wherever 
As-Vd  intervals  are  mentioned,  they  refer  to  measurements  from  these 
records.  This  method  of  taking  two  sets  of  records  at  the  same  time  proved 
invaluable.     It   gave   the   greatest  possible    information    and    made    the 
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interpretation  of  cxtrasystoles  and  dropped  beats  either  in  the  auricle  or 
ventricle  much  more  exact  and  certain. 

Owing  to  difficulties  in  compensation  it  was  found  impracticable  to 
secure  records  from  all  ten  positions  during  the  same  period  of  vagal 
stimulation.  Furthermore,  the  effect  most  desirable  for  study  often  appeared 
only  for  a  few  beats  and.  in  such  cases,  changing  from  one  position  to  another 
obscured  the  results.  Each  lead  was  therefore  adopted  separately  and  a 
continuous  record  made  from  just  before  the  procedure  until  the  normal 
rhythm  was  again  regained.  A  long  roll  photographic  recording  apparatus 
made  such  records  possible.  The  obvious  disadvantage  was  that  the  heart 
\\ould  not  always  respond  in  the  same  way  ten  times  successively.  This 
difficulty  we  have  tried  to  overcome  by  the  large  number  of  observations 
made. 

All  the  experiments  were  carried  out  on  dogs'  hearts  in  situ.  The 
animals  were  morphinised  and  the  chest  opened  under  ether  ansesthesia 
with  artificial  respiration.  By  means  of  warmed  air  and  hot  water  bags  the 
body  temperature  was  kept  at  or  near  the  normal.  In  one  experiment, 
No.  32.  atropine  was  given  to  rule  out  the  possibility  that  the  changes  in 
pacemaker  in  the  experiments  involving  injury  of  the  sinus  region  were  due 
to  stimulation  of  vagal  fibres. 

The  origin  of  irregularities  during  vagal  stimulation. 

It  has  long  been  known  that  on  vagal  stimulation  irregular  beats  of 
various  kinds  may  appear.  These  have  been  studied  particularly  by 
Hering*^*-^  and  his  students.  Three  types  have  usually  been  distinguished  ; 
namely,  auricular,  atrio-ventricular  and  ventricular  according  to  the  place 
in  which  the  impulse  is  supposed  to  have  arisen.  The  proof  that  beats  have 
had  an  ectopic  origin  in  the  auricle  is  a  difficult  one.  The  .45- Fs  interval 
is  however,  generally  longer  than  that  of  the  last  preceding  normal  cycle. 
Rothberger  and  Winterberg^"  thought  to  determine  it  by  the  character  of 
the  P  wave  of  the  electrocardiogram.  Beats  arising  in  the  auriculo-ven- 
tricular  region  have  been  identified  by  the  As-  Vs  interval  or  the  a-c  interval 
of  the  venous  pulse.  According  to  Hering's  observation^"  that  delay  in 
auriculo-ventricular  conduction  takes  place  onh'  in  Tawaras  node  any 
cycle  with  an  .45-75  or  an  a-c  interval  less  than  normal  must  have  arisen 
in  some  jsart  of  the  auriculo-ventricular  node,  ^'ent^icula^  extrasystoles 
would,  therefore,  have  a  T's-Js  interval  equal  to  or  longer  than  the  normal 
As-Vs. 

In  all  experiments  there  are  ajit  to  be  a  large  number  of  systoles  in 
A\hich  the  As-Vs  interval  closely  approaches  normal  and  an  accurate 
designation  of  the  origin  of  the  beat  becomes  weU-nigh  impossible.  Kure's 
data'^  contain  illustrations  of  this  point.  In  one  case  the  interval  was 
reduced  from  10  sec.  to  08  sec.  The  cycle  was  interpreted  as  atrio- 
ventricular yet  it  would  .seem  cjuite  possible  that    such  differences    might 
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depend  on  changes  in  conduction  time.  It  was  in  order  to  demonstrate 
beyond  question  the  origin  of  such  beats  that  we  liave  placed  electrodes  on 
various  parts  of  the  auricle  and  used  the  method  of  initial  negativity. 

The  work  of  Wybauw"-  and  of  Lewis,  Opiienheimer  and  Oppenheimer,^^ 
which  we  have  rejjeatedly  confirmed,  has  shown  that  in  the  normally  beating 
heart  the  i^rimary  point  of  negativity  is  always  in  the  upper  part  of  the 
sulcus  terminalis  immediately  over  the  sinus  node.  In  determining  the  point 
of  origin  of  irregular  beats  during  vagal  stimulation  a  comparison  of  this 
region  with  others  was  of  primary  importance.  If  beats  were  arising 
ectopically,  the  sinus  node  electrode  would  cease  to  be  negative  and  become 
positive  to  the  new  point  of  impulse  formation. 

In  twenty-seven  experiments  we  have  compared  various  parts  of  the 
right  auricle  with  each  other  during  vagal  stimulation.  Many  of  these 
showed  no  irregularities  for  certain  leads  but  a  sufficient  number  gave 
results  which  we  believe  justify  certain  conclusions.  Results  from  the  most 
important  leads  will  be  given  briefly. 

Sinus  node  and  right  auricle.  With  the  electrodes  in  this  position 
irregular  beats  apjaeared  in  fourteen  experiments  during  vagal  stimulation. 
The  right  vagus  was  stimulated  in  the  majority  of  cases  but  those  in  which 
both  vagi  were  iised  showed  no  noticeable  qualitative  differences.  A  beat 
has  been  considered  irregular  when  the  As-Vs  interval  was  altered,  when  the 
auricular  contraction  was  blocked,  or  M-hen  the  type  of  the  electrical  curve 
was  modified.  Beats  with  Vs-As  interval  longer  than  the  normal  As-Vs, 
as  well  as  extra  ventricular  systoles,  have  been  excluded  from  study  since 
the  ventricular  parts  were  not  under  direct  electrical  observation. 

Of  the  irregularities  noted  under  this  lead  16  consisted  of  beats  with 
shortened  As-  Vs  intervals,  four  were  reversed  cycles  with  short  Vs-As  intervals, 
14  were  auricular  contractions  with  conduction  to  the  ventricle  blocked 
and  two  were  extra  cycles  with  slightly  lengthened  As-  Vs  intervals.  The  curves 
from  these  36  irregular  beats  showed  that  in  all  but  two  there  was  primary 
negativity  of  the  sinus  node.  The  exceptions  were  the  two  cycles  with 
lengthened  intervals.  Even  in  these  cases  the  seat  of  impulse  formation 
may  have  been  in  some  distant  part  and  the  wave  of  excitation  for  some  reason 
have  reached  the  auricle  first.  The  lengthened  intervals,  however,  render 
it  most  likely  that  the  cycles  were  true  extra  auricular  systoles,  the  impulses 
having  arisen  in  some  part  of  the  atrium. 

Sinus  node  and  the  ventricular  part  of  the  anriculo-ventricular  node. 
In  the  records  comparing  the  sinus  node  and  the  ventricular  part  of  the 
auriculo-ventricular  node  37  irregularities  appeared  during  vagal  stimulation. 
Of  these  23  were  beats  with  shortened  As-Vs  intervals,  10  were  auricular 
beats  with  ventricular  conduction  blocked  and  four  were  examples  of  reversed 
rhythm.  Of  the  beats  with  shortened  As-Vs  intervals  all  but  two  showed 
primary  negativity  in  Tawara's  node.  Of  the  independent  auricular  beats 
eight  arose  in  the  sinus  node  and  two  in  Tawara's  node.     All  of  the  reversed 
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beats  showed  initial  negativity  of  Tawara's  node.  In  Fig.  1  may  be  seen  an 
exami^le  of  an  atrio-ventricular  beat  just  before  the  end  of  left  vagal 
stimulation.  The  first  cycle  begins  with  an  up  stroke,  indicating  primary 
activity  in  the  ventricular  part  of  Tawara's  node.  In  the  second  curve  the 
down  stroke  is  evidence  that  the  sinus  has  again  resumed  its  pacemaking 
function,  and  in  accordance  with  this  the  P-B  interval  has  lengthened. 

Ventricular  part  of  the  auriculo-ventricular  node  and  right  auricle.  With 
this  lead  18  irregularities  were  observed  in  seven  experiments.  In  all  of  these 
except  two  there  was  primary  negativity  of  Tawara's  node.  The  two 
exceptions  were  blocked  auricular  beats  in  an  experiment  which  had  normally 
sho\^'n  precedence  of  the  auricle  over  the  auriculo-ventricular  node. 

Vetitricular  part  of  the  auriculo-ventricular  node  and  the  superior  vena  cava. 
With  this  lead  13  irregular  beats  appeared,  all  of  which  were  cycles  with 
shortened  .-Is-T's  intervals.  Without  exception  they  showed  primary 
negativity  of  Tawara's  node. 

Ventricular  part  of  the  auriculo-ventricular  node  and  the  coronary  sulcus. 
It  will  be  remembered  that  one  electrode  was  placed  on  the  coronary  sulcus 
as  near  as  jjossible  to  the  mouth  of  the  coronary  sinus  where  an  extension 
of  specialised  tissue  from  the  main  auriculo-ventricular  mass  is  known  to 
exist.  In  each  of  13  beats  showing  shortened  intervals,  Tawara's  node 
preceded  the  coronary  sulcus.  In  five  cases  of  blocked  auricular  beats 
Tawara's  node  preceded  in  four  and  in  one  the  coronary  sulcus  was  first. 

The  first  of  these  leads,  the  sinus  node-right  auricle,  was  taken  on  the 
grounds  that  ectopic  impulses  during  inhibition  of  the  pacemaker  by  vagal 
stimulation  might  arise  in  the  atrium.  The  results  showed  rather  conclusively 
that  only  on  rare  occasions  does  the  bodj'  of  the  auricle  precede  the  sinus 
node.  Even  when  the  impulse  can  be  shown  to  be  arising  in  a  distant  part  it 
reaches  the  sinus  region  before  the  auricular  in  nearly  all  cases.  This  agrees 
with  our  observations  on  the  course  of  conduction  in  auriculo-ventricular 
rhythm  which  wiU  be  made  later.  The  origin  of  ectopic  impulses  had  to  be 
sought  then  in  some  other  part.  The  sinus  node  auriculo-ventricular  lead 
gave  immediate  and  positive  evidence  that  here  was  a  region  which  in  a  large 
number  of  irregularities  preceded  the  sinus  in  action.  That  it  should  precede 
it  in  all  cases  was,  of  course,  not  to  be  expected  since  certain  of  our  so-called 
irregularities  were  really  nomotojjic  in  origin.  The  remaining  parts  of  the 
auricle  had  now  to  be  compared  with  Tawara's  node.  These  comparisons 
showed  the  priority  of  the  ventricular  part  of  the  auriculo-ventricular  node 
over  the  right  auricle,  superior  vena  cava  and  the  coronary  sulcus. 

From  the  data  at  hand  there  seems  to  be  httle  doubt  that  the  majority 
of  ectopic  beats  occurring  during  vagal  stimulation  of  the  intact  heart  arise 
in  the  speciaUsed  tissue  of  the  auriculo-ventricular  region.  Although  these 
findings  emphasise  the  part  played  by  specialised  tissue  in  impulse  formation 
the}-  do  not  ehminate  the  possibility  of  any  part  of  the  heart  functioning 
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as    pacemaker    under    extraordinary    circumstances.       In     fact,    our    own 
experiments  give  two  examples  of  this  very  condition. 

Atrio-ventricular  rhythm. 

A  series  of  heart  beats  with  the  As-Vs  intervals  shortened,  equal  to 
zero  or  shghtly  negative,  has  come  to  be  interi)reted  as  an  auriculo-ventricular 
rhythm.  The  reasons  for  this  we  have  already  discussed  in  our  introduction. 
The  term  "  nodal  "  rhythm  we  have  discarded  since  all  recent  work  tends  to 
show  that  the  normal  rhythm  is  also  a  nodal  rhythm  ;  i.e.,  a  sinus  nodal 
rhythm.  It  seemed  worth  while  to  us  to  study  electrically  the  sequence 
of  events  in  cases  of  atrio-ventricular  rhythm  in  order  to  locaUse  as  accurately 
as  possible  the  region  acting  as  pacemaker. 

Up  to  the  present  time  there  have  been  only  two  criteria  for  determining 
auriculo-ventricular  rhythm.  The  first  of  these  has  been  the  change  in 
sequence  of  the  auricular  and  ventricular  beats.  Gantcr  and  Zahn^  have 
added  to  this  the  observation  that  cold  and  heat  in  this  condition  affect  the 
heart  only  when  applied  to  some  portion  of  the  auriculo-ventricular  node. 
The  proof  that  the  auriculo-ventricular  node  was  acting  as  pacemaker  has 
not  been  too  well  estabhshed.  In  the  first  place,  the  reasoning  has  been 
largely  on  theoretical  grounds.  In  the  second  place,  the  accurate  localisation 
of  temperature  effects  necessary  in  the  work  of  Zahn-^  might  be  questioned. 
The  electrical  methods  we  have  employed  seem  to  us  to  admit  of  a  much 
more  accurate  application  than  any  other  yet  used. 

We  have  produced  auriculo-ventricular  rhythm  in  several  ways. 
Theoretically  vagal  stimulation  might  be  expected  to  accomphsh  this  result. 
If  a  strength  of  stimulus  could  be  found  which  would  depress  the  normal 
pacemaker  below  the  irritability  of  another  portion  of  automatic  tissue  the 
latter  might  be  expected  to  take  up  the  pacemaking  function.  The 
distribution  of  vagal  fibres  would,  of  course,  be  a  determining  factor  in 
securing  the  result.  In  two  experiments  out  of  27  we  have  secured  atrio- 
ventricular rhythm  on  stimulation  of  the  right  vagus.  This  is  a  much 
smaller  percentage  than  Rothberger  and  Winterberg^o  secured  by  stimulation 
of  the  left  accelerator  but  sufficiently  large  to  be  of  interest. 

Cutting  around  the  sinus  node  in  the  heart  in  situ  has  also  given  us 
examples  of  atrio-ventricular  rhythm.  These  cuts  were  made  by  thrusting 
a  needle  through  the  auricular  wall  into  the  chamber  of  the  auricle  and 
bringing  it  out  again  at  the  point  desired.  Along  the  needle  the  wall  of  the 
auricle  was  sewn  down  by  mattress  sutures.  On  completion  of  these  the 
wall  of  the  auricle  was  cut  with  a  sharp  knife  directly  down  on  the  needle 
and  the  latter  removed.  In  this  way  cuts  in  any  direction  or  of  any  length 
could  be  made  around  the  sinus  node  practically  without  haemorrhage. 
Often  not  a  single  drop  of  blood  was  lost.  Eight  out  of  eleven  experiments 
resulted  in  auriculo-ventricular  rhythm  on  partial  or  complete  excision  of 
the  sinus  node.  In  one  case.  No.  20,  a  cut  of  about  2  cm.  was  made  at  the 
lower  end  of  the  sulcus  terminalis.     In  two  cases,  Nos.  26  and  19,  cuts  were 
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made  at  the  lower  end  and  on  the  venous  side  of  the  sulcus  terminalis. 
In  two  experiments,  Nos.  23  and  27,  the  sinus  node  was  isolated  on  the  lower 
end  and  on  both  venous  and  auricular  sides  before  auriculo-ventricular 
autonomy  appeared.  In  experiment  Xo.  IT  the  sulcus  terminalis  was  cut 
across  on  both  anterior  and  posterior  ends,  as  well  as  isolated  on  the  venous 
side.  In  experiment  Xo.  24  the  sinus  node  was  isolated  on  all  sides.  In 
exjjeriment  Xo.  33  cuts  were  made  on  both  venous  and  auricular  sides. 
The  question  as  to  whether  the  connections  of  the  sinus  node  at  any  one  point 
are  more  important  than  others  is  now  being  studied. 

In  five  experiments  we  have  crushed  the  sinus  node  between  the  jaws 
of  broad  haemostatic  clamps.  In  three  of  these  auriculo-ventricular  rhythm 
appeared.  In  two  cases  the  sulcus  terminalis  was  pulled  between  the  jaws 
of  a  specially  devised  curved  clamj^.  The  node  was  thus  isolated  by  an  oval 
of  crushed  tissue.  In  each  of  these  cases  auriculo-ventricular  autonomy 
resulted. 

In  six  experiments  formaUn  has  been  appUed  to  the  node.  The  formalin 
was  coloured  with  methj-lene  blue  so  that  a  careful  post-mortem  examination 
could  be  made.  In  each  case  the  sinus  node  was  included  in  the  area.  In 
five  of  these  experiments  auriculo-ventricular  rhythm  appeared. 


Table   I. 

Before  Procedure. 

After 
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Ex. 

No. 

Cj-cle. 

Interval 

Cycle. 
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Ist.Xeg. 

Remarks. 

4 

•306 

■080 

40%  Formalin 

•325 

■000 

C.  Sin. 

T.  N.  not  compared. 

5 

•456 

■096 

,,              ,, 

•636 

■000 

C.  Sin. 

„ 

7 

•350 

■100 

»»              ♦» 

■580 

•060 

T.  N. 

C'.'sin.    ,"           ',', 

n 

•460 

■140 

»»              »» 

■760 

•000 

T.  X. 

S.  V.  0.  „ 

11 

■490 
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„ 

•540 

•000 

T.  X. 

12 

■420 

•097 

Clamping 

•590 

■075 

C.  Sin. 

13 

•360 

•080 

■460 

■060 

C.  Sin. 

3 

•427 

•120 

Vag.  Stim. 

■427 

■030 

T.  X. 

All  points  compared. 

20 

•310 

•132 

" 

•422 

•045  to 
•04 

T.  X. 

»»         »»              »» 

19 

•394 

•150 

2nd  Cut 

•400 

•050 

T.  X. 

20 

■340 

■127 

1st  Cut 

•439 

•030 

T.  X. 

17 

■4S2 

■092 

2nd  Cut 

■485 

■0115 

C.  Sin. 

23 

•433 

•1.58 

3rd  Cut 

•4.54 
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C.  Sin. 

24 

•380 

•110 

4th  Cut 

•484 

■030 

T.  X. 

26 

•423 

■122 

2nd  Cut 

•496 

■040 

T.  X. 

27 

■681 

■100 

3rd  Cut 

•976 

•000 

T.  X. 

33 

■341 

■141 

2nd  Cut 

•366 

•127 

C.  Sin. 

28 

•427 

•140 

Crushing 

•541 

•071 

C.  Sin. 

Sinus  node  not  compared. 

29 

•371 

•138 

" 

•400 

■03  to 
■05 

C.Sin. 

»»         »»             »» 

32 

•323 

•107 

■466 

•066 

C.  Sin. 

C.  Sin. — Coronar\-  Sinus. 

T.  X. — Ventricular  part  of  the  auriculo-ventricular  node. 

S.  V.  C. — Superior  Vena  Cava. 


In  Table  I  the  principal  data  are  given  from  the  twenty  successful 
experiments  which  we  have  performed.     The  length  of  cycles  and  the  length 
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of  either  the  P-R  or  As-Vs  intervals  are  shown  in  their  respective  coUimns 
both  before  and  after  the  procedure.  The  electrode  shoeing  primary 
negativity  after  the  procedure  is  indicated.  In  the  earlj'  experiments, 
unfortunately,  not  all  of  the  electrodes  were  used.  In  the  experiments 
involving  crushing  of  the  sinus  node  it  was  obviously  impossible  to  make 
further  use  of  the  sinus  electrode.  In  each  experiment  the  normal  sequence 
had  been  tested  previously  to  any  experimental  procedure  and  the  sinus 
node  found  to  be  the  pacemaker. 

From  the  data  presented  in  this  table  it  appears  that  various  procedures 
which  injure,  depress  or  block  the  connection  of  the  sinus  node  usually  result 
in  a  condition  of  auriculo-ventricular  rhythm.  Direct  injury  and  isolation 
of  the  node  almost  invariably  result  in  this  condition.  These  results  are  in 
agreement  with  those  of  most  of  the  previous  workers  on  this  subject. 

The  appearance  of  auriculo-ventricular  rhythm  is  nearly  always 
accompanied  by  a  lengthening  of  the  cardiac  cycle  and  a  shortening  of  the 
As-Vs  interval.  It  is  always  accompanied  by  a  change  in  the  position  of 
the  pacemaker.  It  may  be  said  that  there  are  three  criteria  for  determining 
auriculo-ventricular  rhythm  ;  lengthening  of  the  cardiac  cycle,  shortening 
of  the  As-Vs  interval  and  demonstrable  shifting  of  the  pacemaker  to  the 
auriculo-ventricular  region.  Of  these  the  last  alone  is  infallible.  Experiment 
No.  3,  one  of  our  most  satisfactory,  shows  no  change  in  length  of  cycle.  In 
experiments  Nos.  12,  13  and  33  the  decrease  in  the  ^4s-F5  interval  is  by 
no  means  striking.  But  in  these  four  experiments  primary  negativity  was  in 
each  case  clearly  shown  to  be  in  the  auriculo-ventricular  region.  The  method 
of  initial  negativity  offers  a  clear  demonstration  that  in  the  cases  of  so-called 
"  nodal  "  rhythm  the  impulse  is  actually  arising  in  the  auriculo-ventricular 
region. 

The  position  of  our  electrodes  has  made  possible  a  still  more  accurate 
locahsation  of  the  seat  of  impulse  formation.  In  all  experiments  except 
Nos.  4,  5  and  7  an  electrode  very  near,  if  not  actually  on  the  coronary  sinus, 
was  compared  with  one  on  the  ventricular  part  of  Tawara's  node.  A 
comparison  bet«  een  the  auricular  and  ventricular  portions  of  Tawara's  node 
was  thus  made  possible  and  in  certain  experiments  our  curves  show  that  the 
region  around  the  coronary  sinus  was  acting  as  pacemaker.  Such  was  the 
case  in  eight  out  of  seventeen  exi^eriments  in  which  the  two  regions  were 
carefully  compared. 

A  coronar}^  sinus  rhythm,  so  far  as  we  can  find,  was  first  suggested  by 
Edens^  as  an  explanation  of  certain  arrhythmias  showing  a  remarkably  rapid 
rate.  Erlanger  and  Blackmann*  had  previously  called  attention  to  the  high 
rhythmicity  of  tissue  in  the  coronary  sinus  region.  Zahn-^  has  demonstrated 
recently  that  in  certain  auriculo-ventricular  rhythms  the  rate  can  only  be 
influenced  by  changing  the  temperature  of  tissue  around  coronary  sinus. 

With  the  exception  of  experiment  No.  29,  the  As-Vs  intervals  have  been 
conspicuously  longer  in  the  cases  of  coronary  sinus  rhythm  than  in  those 
in  which  the  pacemaker  was  located  in  the  ventricular  part  of  the  node. 
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There  can  be  no  fixed  rule  regarding  this,  however,  judging  from  this  same 
experiment.  In  a  few  beats  the  interval  was  found  to  be  as  short  as  03  sec. 
These  variations  are  probably  an  expression  of  changes  in  conduction  and 
are  similar  to  those  discussed  later. 

Brandenburg  and  Hoffmann-  first  called  attention  to  the  fact  that  the 
method  of  sinus  extirpation  had  a  determining  influence  on  the  type  of 
rhythm  that  followed.  These  authors  beUeved  that  when  the  regions 
around  the  sinus  were  markedly  stimulated  during  sinus  extirpation  the  seat 
of  impulse  formation  became  diffuse  in  the  body  of  the  right  auricle.  It  was 
only  when  the  sinus  was  removed  without  excessive  stimulation  that  an 
auriculo-ventricular  rhythm  resulted.  Zahn^*  has  confirmed  this  work  with 
the  exception  that  what  Brandenburg  and  Hoffmann  thought  was  a  diffuse 
auricular  rhythm  he  has  shown  to  be  really  a  rhythm  arising  in  the  auricular 
part  of  Tawara's  node  ;    that  is,  the  tissue  around  the  coronary  sinus. 

Our  work  gives  some  support  to  these  conclusions  of  Zahn.  For 
example,  in  those  cases  in  which  the  sinus  node  was  isolated  by  cuts  at  some 
distance  from  the  node  itself,  only  three  times  was  coronary  sinus  rhythm 
produced.  But  in  five  experiments  in  which  the  node  was  crushed  or 
clamped  this  type  of  rhythm  resulted  in  each  case.  These  results  would  seem 
to  indicate  that  gross  injury  of  parts  around  the  sinus  node,  presumably 
intense  mechanical  stimulation,  in  some  way  raises  the  rhythmicity  of  the 
auricular  part  of  the  auriculo-ventricular  node. 

Fig.  2,  3  and  4  illustrate  some  of  the  observations  previously  discussed. 
Fig.  2  shows  a  comparison  of  sinus  node  and  auricle  at  the  end  of  a  period 
of  auriculo-ventricular  rhythm  induced  b\-  vagal  stimulation.  The 
auricular  wave  rises  sharply  from  the  slow  downward  stroke  of  the  ventricular. 
The  third  beat  has  the  normal  interval.  The  sinus  node  has  remained 
negative  to  the  auricle  throughout.  Fig.  3  is  a  reproduction  of  curves  from 
the  sinus  node — Tawara's  node  lead  before  and  after  partial  isolation  of  the 
sinus  node.  The  reversal  in  direction  is,  of  course,  the  striking  feature. 
That  the  coronary  sinus  may  precede  Tawara's  node  after  crushing  is  shown 
in  Fig.  4. 

The  course  of  the  wave  of  excitation  in  auriculo-ventricular  rhythm. 

Our  records  have  given  us  the  sequence  of  negativity  in  different  parts 
of  the  auricle  during  many  cases  of  auriculo-ventricular  rhythm.  In  most 
of  these,  however,  the  auricle  had  been  mutilated  in  order  to  produce  the 
condition  we  were  studying.  A  determination  of  the  path  of  conduction 
could,  therefore,  apply  only  to  that  particular  experiment.  Experiments 
Nos.  3  and  20,  in  which  the  rhythm  was  induced  by  vagal  stimulation,  are 
freer  from  such  objections.  The  order  of  negativity'  in  these  hearts  during 
auriculo-ventricular  autonomy  was,  the  ventricular  part  of  the  auriculo- 
ventricular  node,  coronary  sulcus,  sinus  node,  right  auricle  and  superior 
vena  cava. 
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An  interesting  thing  in  these  observations  was  that  the  sinus  became 
active  before  the  right  auricle.  In  a  previous  paper'  we  have  shown  that 
nornialh%  in  a  large  percentage  of  cases,  Tawara's  node  precedes  the  right 
auricle  in  negativity,  and  we  have  concluded  from  this  that  conduction 
between  the  two  nodes  could  scarcely  be  by  way  of  the  right  auricle,  as 
generally  supposed.  The  sequence  in  auriculo-ventriciilar  rhythm  .seems  to 
agree  with  this  hypothesis,  since  in  reversed  conduction  as  well,  the  sinus 
node  precedes  the  auricle.  These  findings  also  indicate,  unless  the  principles 
of  reversed  conduction  are  wholly  different  from  normal,  that  the  auricle 
receives  its  impulse  directly  from  the  sinus  node  and  not  by  way  of  the 
auriculo- ventricular  region.  If  the  latter  were  the  case  we  should  expect 
in  auriculo-ventricular  rhythm  that  the  auricle  would  become  negative 
sooner,  or  at  least  as  soon  as  the  sinus  region. 

The,  effect  of  vagal  stimulation  on  auriculo-ventricular  rliytlim. 

Not  only  may  vagal  stimulation  produce  auriculo-ventricular  rhythm 
but  it  may  cause  it  to  disappear.  The  latter  phenomenon  was  first  observed 
by  Rothberger  and  Winterberg.^"  Stimulation  of  either  vagus  may  bring 
about  this  result.  Their  observations  were  confirmed  in  some  of  our  earliest 
experiments.  The  explanation  of  such  seemingly  contradictory  results  that 
vagal  stimulation  may  either  cause  or  abolish  the  rhythm  probably  hes  in 
pecuUarities  of  innervation  and  in  the  different  effects  that  various  strengths 
of  stimuli  have  on  the  two  nodes.  Two  points  seemed  of  special  interest  in 
this  connection  ;  namely,  what  part  of  the  heart  took  up  the  pacemaking 
function  after  the  abolition  of  auriculo-ventricular  autonomy  ;  and,  second, 
whether  the  change  in  location  occurred  gradually  or  at  once. 

In  ten  experiments  we  have  secured  data  on  the  effects  of  vagal 
stimulation  after  auriculo-ventricular  rhythm  had  been  induced  by  cuts 
around  the  sinus  node  or  by  crushing.  It  should  be  noted  that  we  are  here 
referring  to  changes  in  the  position  of  the  pacemaker  sufficiently  permanent 
to  result  in  a  series  of  regular  beats.  Extrasystoles  of  various  kinds  may, 
of  course,  arise  during  vagal  stimulation  of  a  heart  in  auriculo-ventricular 
rhythm,  although  they  do  not  seem  to  be  so  common  as  in  the  normal  heart. 
In  three  of  the  experiments  just  mentioned,  experiments  Nos.  28,  29  and  32, 
the  sinus  node  was  crushed.  We  were  unable,  in  these  cases,  to  remove 
the  pacemaker  from  the  coronary  sinus  region  even  on  many  trials  with 
various  strengths  of  stimuli.  At  times  there  were  conspicuous  variations 
in  the  As-Vs  intervals.  In  experiment  No.  29,  for  example,  in  records 
during  which  the  coronary  sinus  and  Tawara's  node  were  being  compared 
with  vagal  stimulation  the  interval  first  increased  from  -05  sec.  to  -066  sec. 
The  following  beats  then  decreased  to  041,  -040,  and  034.  In  each  beat 
the  coronary  sinus  retained  its  primary  negativity.  Hering^-  beheves  that 
any  change  of  any  moment  in  the  As-Vs  intervals  speaks  for  a  shift  in  the 
position  of  the  pacemaker.     It  this  be  true,  we  had  a  change  of  location 
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only  within  the  auricular  part  of  the  auriculo-ventricular  node.  These 
records  also  illustrated  a  point  previously  mentioned  that,  although  usually 
a  short  interval  is  associated  with  impulse  formation  in  the  ventricular  part 
of  the  node,  this  may  not  be  invariably  the  case. 

Although  in  the  examples  of  coronary  sinus  rhythm  just  cited  we  did 
not  succeed  in  getting  a  change  in  the  position  of  the  pacemaker  we  did 
succeed  in  experiment  No.  23.  Here  after  the  fourth  cut  around  the  sinus 
node  coronary  sinus  rhythm  had  developed.  On  vagus  stimulation  the 
ventricular  part  of  the  auriculo-ventricular  node  became  negative  to  the 
coronary  sinus  and  the  As-Vs  intervals  shortened  from  105  sec.  to  -02  sec. 
Fig.  5  illustrates  this  change.  After  about  one-half  minute  the  coronary 
sinus  rhythm  returned.  In  experiment  No.  17  we  apparently  had  results 
similar  to  the  preceding.  After  the  second  cut  the  interval  was  reduced 
from  -092  sec.  to  -065  sec.  and  the  coronary  sinus  was  found  primarily 
negative  to  all  other  parts  of  the  heart.  On  vagal  stimulation  a  Vs-As 
rhythm  developed  which  gradually  passed  back  to  a  positive  value. 
Unfortunately,  we  did  not  secure  a  coronary  sinus-Tawara's  node  lead, 
but  the  probabiHties  are  that  the  pacemaker  moved  temporarily  to  the 
ventricular  portion  of  the  auriculo-ventricular  node. 

In  experiment  No.  19  no  change  in  rh3'thm  or  character  of  the  curves 
could  be  demonstrated  on  stimulation  of  either  vagus.  In  experiments  Nos. 
20,  24,  26  and  27,  all  of  which  were  examples  of  auriculo-ventricular  rhythm 
with  short  As-  Vs  intervals  and  primary  negati\aty  in  the  ventricular  portion 
of  the  node,  an  approximately  normal  interval  was  restored  on  vagal 
stimulation.  In  experiment  No.  20  we  did  not  take  enough  leads  to  locate 
the  region  which  became  pacemaker.  The  electrocardiogram,  however, 
resumed  its  original  shape,  which  was  some  evidence,  though  by  no  means 
conclusive,  that  the  sinus  node  had  again  taken  up  its  normal  function. 
In  experiment  No.  24  the  pacemaking  function  did  not  leave  the  auriculo- 
ventricular  region  even  with  the  lengthening  of  the  As-Vs  intervals.  Judging 
from  the  other  experiments  the  pacemaker  had  gone  to  the  auricular  portion 
of  the  node. 

In  experiments  Nos.  26  and  27  we  secured  good  records  from  all  leads 
and  in  each  experiment  on  vagal  stimulation  the  sinus  node  again  took  up 
the  function  of  pacemaker.  In  Fig.  6  is  shown  a  record  from  the  sinus  node- 
Tawara's  node  lead,  in  experiment  No.  26  just  at  the  beginning  of  right 
vagal  stimulation.  The  first  beat  shows  the  short  P-R  interval  which 
characterised  the  beat  while  the  auriculo-ventricular  node  was  leading.  The 
initial  upstroke  of  this  curve  indicates  that  the  ventricular  part  of  the 
auriculo-ventricular  node  was  leading.  In  the  second  beat  conditions  are 
shown  to  have  been  the  same  except  the  P-R  interval  has  slightly  lengthened. 
The  third  beat  shows  an  auricular  wave  with  an  initial  downstroke  showing 
that  the  sinus  node  was  now  first  in  action.  In  this  cycle  the  P-R  interval  is 
about,  -2  sec,  but  it  subsequently  shortened  somewhat.  Both  the  right 
and  left  vagi  produced  similar  results  repeatedly.      The  sinus  node  retained 
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its  lead  throughout  a  two-minute  period  of  vagal  stimulation  and  for  about 
one-half  minute  after  the  stimulus  ceased.  The  aurieulo-ventrieular  node 
then  again  became  pacemaker.  Experiment  No.  27  gave  almost  identical 
results  and  for  that  reason  need  not  be  described  in  detail. 

Vagal  stimulation  during  aurieulo-ventrieular  rhythm,  consequently, 
may  cause  the  pacemaker  to  shift  from  one  part  of  the  aurieulo-ventrieular 
region  to  another  or  it  may  abohsh  this  rhythm  altogether,  allowing  the  sinus 
node  again  to  take  up  the  function  of  impulse  formation.  Experiments 
Nos.  17  and  23  illustrated  the  former  and  experiments  Nos.  20,  24,  26  and 
27  the  latter  condition. 

The  paramount  importance  of  the  specialised  tissue  in  the  heart  is 
further  brought  out  by  these  experiments.  In  our  experiments  no  part  of 
the  heart,  which  did  not  contain  such  tissue,  was  induced  to  take  up  regular 
impulse  formation.  With  the  sinus  node  injured  and  the  acting  structures 
in  the  aurieulo-ventrieular  region  depressed  by  vagal  inhibition,  one  might 
have  expected  that  at  times  the  upper  parts  of  the  auricle  would  become 
automatic.  That  strips  of  the  auricles  containing  no  speciaUsed  tissue  may 
become  rhythmical  is,  of  course,  known.  It  is.  therefore,  quite  possible 
that  even  in  an  intact  heart,  under  certain  conditions,  some  part  of  the 
atrium  not  containing  any  such  tissue  may  become  the  pacemaker.  Our 
experiments,  however,  show  that  this  must  occur  very  infrequently,  and 
that  some  part  of  the  specialised  tissue  retains  the  pacemaking  function 
even  when  the  heart  is  subjected  to  grave  experimental  procedures. 

The  chronotropic  influence  of  the  vagi  on  aurieulo-ventrieular  autonomy 
seems  to  be  rather  shght.  We  did  not  succeed  in  getting  a  record  showing 
variations  in  rate  which  were  not  associated  with  a  change  in  the  location 
of  the  pacemaker.  Both  Rothberger  and  Winterberg^'  and  Kure.i*  however, 
have  reported  such  observations.     Their  curves  show  only  shght  effects. 

The  changes  in  As-Vs  intervals  from  normal  to  aurieulo-ventrieular 
rhythm  could,  of  course,  not  be  determined  during  many  of  our  procedures, 
such  as  clamping  and  cutting  around  the  sinus  node.  The  changes  in 
position  of  the  pacemaker  on  vagal  stimulation,  however,  gave  us  many 
examples  of  changes  from  one  type  of  rhythm  to  the  other.  In  most  of  our 
cases  the  removal  of  the  pacemaker  from  the  aurieulo-ventrieular  node  to 
the  sinus  was  apparently  more  rapid  than  the  movement  from  the  sinus  to 
the  lower  node.  There  were  many  exceptions,  however,  and  probably  no 
significance  should  be  attached  to  the  differences. 

Fig.  7  shows  the  gradual  resumption  of  the  aurieulo-ventrieular  type 
of  curve  after  the  cessation  of  vagal  stimulation  in  experiment  No.  26. 
The  average  As-  Vs  interval  during  the  vagal  stimulation  while  the  sinus  node 
was  acting  as  pacemaker  was  093  sec.  In  the  second  curve  of  the  record 
presented  this  has  shortened  to  -077  sec.  In  the  third  curve  it  is  060  sec, 
and  in  the  fourth  cj-cle  it  has  been  reduced  to  -027  at  which  it  remained. 
The  lead  being  from  Tawara's  node  and  the  superior  vena  cava  there  is  no 
change   in   the   direction   of  the   curves.     This  gradual  shortening  of  the 
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intervals  lias  been  observed  by  Hering,i-  Kure,i*  j^j^j  Rothberger  and 
Winterberg.20  How  is  the  gradual  change  from  the  sinus  type  to  the 
auriculo-ventricular  type  of  beat  to  be  explained  ?  As  pointed  out  by 
Erlanger^  this  has  been  a  stumbling  block  in  our  conception  of  auriculo- 
ventricular  rhythm. 

Two  explanations  have  been  suggested  ;  first,  that  the  gradual  changes 
in  the  intervals  were  due  to  a  gradual  shifting  or  wandering  downw  ard  of  the 
pacemaker  ;  and.  second,  that  they  were  due  to  changes  in  conduction  time. 
The  former  was  emphasised  by  Hering  particularly  on  the  grounds  of  his 
ph\-siological  observation  that  delay  in  conduction  time  took  place  in 
Tawara's  node,  and  the  anatomical  work  of  Aschoii  who  found  that  the 
auriculo-ventricular  node  really  consisted  of  an  auricular  and  a  ventricular 
portion.  This  being  true  Hering  exjjlained  variations  of  the  As-V,s  intervals 
as  due  to  the  shifting  of  the  position  of  the  pacemaker  within  the  confines  of 
the  node.  That  this  assumption  is  in  the  main  correct  has  been  demonstrated 
by  the  work  of  Zahn,  and  in  a  manner  even  freer  from  objection  we  trust 
by  our  results  rejiorted  in  this  paper.  The  fact  that  the  As-Vs  intervals 
arc  only  shghtly  shortened  when  the  coronary  sinus  shows  initial  negativity 
and  that  they  are  greatly  reduced  when  the  ventricular  portion  of  the  node 
shows  primary  negativity  seems  to  prove  beyond  c^uestion  that  changes  in 
length  of  the  As-Vs  interval  may  be  accounted  for  by  changes  in  position  of 
the  pacemaker  within  the  auriculo-ventricular  node. 

Rothberger  and  Winterberg^"  showed  diagrammatically  that  in  those 
cases  in  which  the  auriculo-ventricular  rate  induced  by  accelerator  stimulation 
was  faster  than  normal,  it  was  possible  for  the  pacemaker  to  jump  at  once 
to  the  node  and  the  As-Vs  interval  be  then  gradually  shortened.  For  a  time 
there  would  be  dissociation  of  auricles  and  ventricles  but  the  systoles  of  the 
latter  would  keep  approaching  the  auricular  until  the  impulses  from  the  node 
assumed  dominance  and  the  rhythm  became  typically  auriculo-ventricular. 
This  explanation  could  hardly  hold  in  case  the  rhythm  were  slower  than 
normal,  and  such  is  the  condition  in  the  majority  of  experiments  in  which 
auriculo-ventricular  rhythm  has  been  produced  by  depression  of  the  sinus 
mechanism. 

Although  we  believe  that  the  gradual  appearance  or  disappearance 
of  auriculo-ventricular  rhythm  is  sufficiently  accounted  for  by  the  gradual 
shifting  of  the  pacemaker,  this  does  not  mean  that  shortened  As-Vs  intervals 
can  be  obtained  in  no  other  way.  Hering i^  felt  that  changes  in  conduction 
time  could  not  explain  variations  as  gross  as  those  observed  in  auriculo- 
ventricular  rhythms.  AVe  have  evidences,  however,  that  changes  in  con- 
duction, heterdromie,  may  vary  the  As-Vs  interval  as  well  as  a  change  in 
the  position  of  the  pacemaker.  In  experiment  No.  20  we  found  an  instance 
in  which  the  sinus  node  resumed  initial  negativity  before  the  interval  had 
returned  to  normal.  Fig.  8  is  a  reproduction  of  the  curves.  The  first  cycle 
shows  an  auriculo-ventricular  beat.  The  graphic  records  show  the  As-Vs 
interval  to  be  about    03  sec.     The  upstroke  of  the  photographic  record 
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indicates  that  the  auriculo-ventricular  node  was  primarily  negative  to  the 
sinus  node.  The  second  cycle  shows  a  P-E  interval  of  05  sec.  with  a  P  wave 
which  begins  with  a  downstroke  indicating  impulse  formation  in  the  sinus. 
The  next  cycle  is  normal  with  a  P-R  interval  of  107  sec.  This  clearly 
proves  that  the  auriculo-ventricular  interval  may  be  reduced  to  as  low  a 
figure  as  -05  sec.  without  the  pacemaker  leaving  the  sinus  region.  Whether 
there  has  been  a  change  of  position  in  the  sinus  region  is  an  interesting 
question  now  under  investigation.  We  have  observed  three  examples  of  the 
plienomenon  just  described.  Changes  in  conduction  time  cannot  be 
disregarded  therefore  in  studies  of  auriculo-ventricular  autonomy  even  though 
it  is  not  the  most  important  factor. 

The  physiological  fact  that  delay  normally  occurs  in  Tawara's  node  and 
the  anatomical  description  of  this  structure  suggest  that  the  node  acts 
much  as  a  synapse  does  in  the  central  nervous  system.  If  in  any  way 
resistance  at  this  point  be  broken  down  the  As-Vs  interval  would  be 
correspondingly  shortened.  Our  curves  seem  to  indicate  that  this  very 
thing  may  occasionally  happen.  It  might  even  be  possible  to  have  a  rhythm 
simulating  auriculo-ventricular  autonomy  with  the  sinus  still  acting  as 
pacemaker. 

Summary. 

The  origin  of  irregular  beats  during  vagal  stimulation,  the  location  of 
the  pacemaker  and  the  course  of  conduction  in  auriculo-ventricular  rhythm, 
and  the  effect  of  vagal  stimulation  on  that  rhythm  have  been  studied  in  this 
paper.  All  the  experiments  were  made  on  dog's  hearts  in  situ.  The  method 
used  has  been  that  of  initial  negativity.  Electrodes  were  placed  on  the 
sinus  node,  atrium  of  the  right  auricle,  coronary  sinus,  superior  vena  cava 
and  the  auriculo-ventricular  node.  By  means  of  special  ke5's  and  the  string 
galvanometer  any  two  of  these  electrodes  could  be  compared  at  will. 

With  only  two  exceptions  all  irregular  beats  of  auricular  origin  during 
vagal  stimulation  were  found  to  arise  in  some  part  of  the  specialised  tissue, 
usually  the  auriculo-ventricular  node. 

Atrio-ventricular  rhythm  was  produced  by  the  apphcation  of  formalin, 
by  vagal  stimulation,  and  by  clamping,  crushing,  or  cutting  around  the 
sinus  node.  In  the  majority  of  these  cases  a  condition  ensued  characterised 
by  a  lengthened  cycle  and  shortened  As-Vs  intervals.  The  only  certain  test 
of  auriculo-ventricular  rhythm  was,  however,  found  to  be  initial  negativity 
of  the  auriculo-ventricular  node. 

Two  types  of  auriculo-ventricular  rhythm  were  distinguished  accordingly 
as  the  impulse  arose  in  the  ventricular  part  of  the  auriculo-ventricular  node 
or  in  the  extension  of  the  node  around  the  coronary  sinus.  The  work  of  Zahn 
has  thus  been  confirmed  by  electrical  methods.  The  As-Vs  intervals  were 
usually  long  in  coronary  sinus  rhythms,  often  closely  approaching  the  normal. 

Vagal  stimulation  during  auriculo-ventricular  rhythm  often  caused  a 
change  in  the  location  of  the  pacemaker.     So  long  as  the  sinus  node  was  not 
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too  badly  injured  it  could  again  temporarily  take  up  the  function  of  impulse 
formation.  In  other  cases,  the  pacemaker  moved  from  one  part  of  the 
auriculo-ventricular  node  to  another. 

As  measured  by  the  As-Vs  intervals  the  movement  of  the  pacemaker 
was  a  gradual  one.  According  to  our  experiments  this  gradual  transition 
from  one  rhythm  to  another  is  associated  with  new  physical  locations  of  the 
pacemaker.  We  have,  however,  found  a  few  exceptions.  In  one  experiment 
during  a  coronary  sinus  rhythm  the  .45- Fs  interval  was  remarkably  short. 
In  another  case  the  sinus  node  was  found  to  be  acting  as  pacemaker  while 
the  As-  Vs  interval  was  as  short  as  05  sec.  Changes  in  the  rate  of  conduction 
can,  therefore,  not  be  entirely  ignored. 

In  no  case  as  a  result  of  any  of  the  procedures  to  which  the  sinus  node 
was  subjected,  did  any  part  of  the  heart  not  containing  specialised  tissue  act 
as  pacemaker.  In  cases  where  the  sinus  node  was  destroyed  it  was  found 
impossible  to  dislodge  the  seat  of  impulse  formation  from  some  part  of  the 
auriculo-ventricular  node. 
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Fig.  1.  Curves  given  by  the  string  galvanometer  with  the  right  hand  electrode  on  the  ventricular 
part  of  Tawara"s  node  and  the  left  hand  electrode  on  the  sinus  node.  The  first  beat  has 
broken  through  left  vagal  inhibition.  Tlie  initial  upstroke  indicates  that  the  beat  arose 
in  the  auriculo-ventricular  node.  The  P-R  interval  is  shortened.  In  the  next  beat,  after 
vagal  stimulation  has  ceased,  the  downstroke  shows  that  the  sinus  has  again  become 
pacemaker. 

In  this  and  all  the  following  records  the  line  below  the  shadow  of  the  string  is  a  mechanical 
one  of  the  auricle.  Below  this  time  is  given  in  one-fifth  sec  .An  upward  or  downward 
movement  in  the  heavy  line  near  the  time  record  indicates  cessation  or  commencement  of 
vagal  stimulation. 

Fig.  2.  Curves  from  a  sinus  node — auricular  lead  on  recovery  from  auriculo-ventricular  rhythm 
wliich  was  brought  on  by  right  vagal  stimulation.  The  first  beat  has  a  l'«-.-ls  interval  of 
about  -04  sec  The  wave  caused  by  auricular  contraction  rises  rapidly  from  the  slow  down- 
stroke  of  the  ventricular  wave.  In  the  second  part  the  .4s-  Vs  interval  is  about  03  sec.  In 
the  third  beat  the  normal  interval  has  returned.  Upstroke  of  the  auricular  wave  shows 
that  the  sinus  preceded  the  auricle  in  activity  throughout.     Exp.  No.  20. 

Fig.  3.4.  Record  of  a  lead  comparing  tlie  sinus  node  with  the  ventricular  part  of  the  auriculo- 
ventricular  node.  Downstroke  of  the  auricular  wave  shows  that  the  sinus  was  acting  as 
pacemaker.     Exp.  No.   19. 

Fig.  3b.  Record  from  same  experiment  as  3.\,  but  after  partial  isolation  of  the  sinus  node  by 
cuts  at  the  lower  end  and  venous  side.  The  short  P-R  interval  indicates  avu-iculo- ventricular 
rhythm.  Upstroke  of  the  aiu"icular  wave  is  proof  that  the  auriculo-ventricular  node  is 
first  in  negativity. 

Fig.  4a.  Record  of  an  auriculo-ventricular  coronary  sinus  lead  before  crushing  the  sinus  node. 
Downstroke  of  the  auricular  wave  shows  that  Tawara's  node  was  preceding  the  coronary 
sinus.     Exp.  No.   29. 

Fig.  4b.  Record  from  the  sinus  experiment  after  crushing  sinus  node.  The  coronary  sinus  now 
precedes  the  auriculo-ventricular  node. 

Fig.  5.  Curves  from  a  lead  comparing  the  ventriciJar  part  of  the  auriculo-ventricular  node 
with  the  coronary  sinus.  Dining  vagal  stimulation  a  coronary  sinus  rhythm  has  changed 
to  an  aiu'iculo-ventricular.  The  initial  downstroke  of  the  second  beat  shows  that  tlie 
coronary  sinus  again  resumes  the  pacemaking  function.     Exp.  No.  23. 

Fig.  6.  Curves  comparing  the  sinus  node  with  the  auriculo-ventricular  node  during  vagal 
stimulation  in  a  case  of  auriculo-ventricular  rhythm.  The  first  two  beats  begin  with 
upstrokes  which  mdicate  primary  negativity  of  the  auriculo-ventricular  node.  The  direction 
of  the  auricular  wave  is  reversed  in  the  third  cycle  showing  that  the  sinus  node  has  become 
pacemaker.     Exp.  No.  26. 

Fig.  7.  Curves  from  an  auriculo-ventricular  superior  vena  cava  lead  showing  the  transition 
stages  from  normal  to  aimculo-ventricular  rhythm.  The  gradual  increase  in  the  P-R 
intervals  is  to  be  noted. 

Fig.  8.  Cvir\-es  showing  the  passage  from  an  ainiculo-ventricular  rliythm  to  a  normal  one 
In  the  second  beat  the  sinus  node  has  assumed  the  pacemaking  fimction  before  the  P-R 
interval  has  regained  its  usual  value. 
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THE     EFFECT     OF     VAGAL     STIMULATION     UPON     ATRIO- 
VENTRICULAR   RHYTHM. 

By  THOMAS  LEWIS.* 

(Cardiogniphic    Department,    University  College   Hospital  Medical  School, 

London.) 

In  describing  and  discussing  the  results  of  the  present  experiments  it  will  be 
convenient  to  use  a  simple  terminology,  and  to  make  certain  preliminary 
assuiiqitions.  I  shall  assume  it  to  be  proved  that  the  normal  mammalian 
heart  rhythm  arises  in  the  sino-auricular  node.  The  rhythm  will  be  referred 
to  as  the  S-A  rhythm,  the  node  as  the  S-A  node.  I  shall  assume  that  a 
mechanism,  consisting  of  contractions  of  auricle  and  ventricle  which  commence 
simultaneously  or  almost  simultaneously  (the  simultaneous  contractions 
belonging  to  the  same  heart  cycle),  originates  in  rhythmic  activity  of  the 
atrio-ventricular  node  ;  and  shall  refer  to  this  node  as  the  A-V  node  and  to 
the  rhythm  as  the  A-V  rhythm.f  The  nature  of  the  mechanism  in  ciuestion 
has  not  been  proved  finally,  but  a  mass  of  evidence  favours  this  view  of  its 
origin.  Further,  I  shall  assume  it  to  be  i^roved  that  the  A-V  node  is  part  of 
a  system  which  normally  conducts  imimlses  from  auricle  to  ventricle  and 
shall  speak  of  this  function  as  A-V  conduction. 

Rothberger  and  Winterberg''  working  upon  the  dog's  heart  have 
suggested  that  the  cardiac  nerves  are  distributed,  to  some  extent  at  least, 
in  a  special  manner,  so  that  the  right  vagus  and  right  sympathetic  are  said 
to  be  distributed  mainly  to  the  S-A  node,  the  left  vagus  and  left  sympathetic 
to  the  A-V  node.  We  are  at  present  concerned  with  the  vagus.  These 
writers  state  that  weak  stimulation  of  the  right  nerve  usually  produces 
slowing  of  the  whole  heart,  its  action  being  powerful  upon  the  *S'-^4  rhythm, 
while  similar  stimulation  of  the  left  nerve  has  a  far  less  conspicuous  action  in 
this  direction,  but  i^roduces  defects  in  A-V  conduction.  This  statement 
has  received  support  from  a  number  of  observers,  amongst  whom  Cohn  and 
myself.  '*'  That  the  S-A  rhythm  is  most  readily  inhibited  by  stimulation 
of  the  right  vagus  is  undoubted  ;  the  difference  between  the  effects  of  the 
two  nerves  is  profound  in  this  respect.  That  A-V  conduction  is  affected 
chiefly  by  stimulation  of  the  left  nerve  was  more  open  to  cjuestion.  At  first 
sight  the  apparent  difference  is  also  a  profound  one  ;  this  is  largely  the 
result  of  differences  in  the  accompanying  rate  of  the  auricular  contractions  ; 
these  are  slower  during  stimulation  of  the  right  nerve  ;   if  in  comparing  right 

*  Aided  by  grants  from  the  Roj-al  Society  and  Graham  Research  Fund. 

t  I  use  this  term  in  preference  to  that  of  "nodal  rhythm"  because  the  latter  is  not 
sufficiently  distinctive,  and  because  it  has  also  been  applied  to  a  totally  separate  condition, 
nameh',  auricular  fibrillation. 
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and  left  vagus  the  auricular  rate  is  maintained  at  a  constant  level,  the 
difference  in  effect  upon  ^4-  V  conduction  is  less  conspicuous  ;  nevertheless 
it  appears  to  exist  to  a  slight  but  definite  extent.-  These  facts,  so  it  is 
supposed,  help  in  supporting  a  hj'pothesis  that  the  >S'-^4  and  A-V  nodes  are 
homologous  and  that  they  are  morphologically  bilateral  structures.  But 
as  at  the  outset  we  cannot  claim  that  the  vagus  exerts  its  effect  upon  A-  V 
conduction  at  the  A-V  node,  it  becomes  a  matter  of  importance  to  test  the 
effect  of  the  two  nerves  upon  this  region  of  the  heart  in  another  manner. 
We  desire  to  know  the  effects  of  vagal  stimulation  upon  an  A-V  rhythm. 
This  method  is  also  more  desirable  because  we  maj^  then  compare  the  action 
of  the  vagus  upon  S-A  node  and  A-V  node  in  respect  of  the  same  function. 
Some  prehminary  observations  have  been  undertaken  by  Rothberger 
and  Winterberg.  They  assert  that  both  riglit  and  left  nerves  influence 
impulse  formation  in  the  A-V  node,  stating  that  slo^^ing  of  the  new  rhj'thm 
foUows  such  stimulations.  Their  observations  were  complicated  by  early 
escape  of  other  centres  during  stimulation.  In  one  of  two  illustrative  curves 
given  (Fig.  10)  no  slowing  is  shown  but  rather  a  simple  escape  of  the  S-A 
rhythm.  In  the  other  figure  (Fig.  11)  slight  slowing  precedes  similar 
escape.  They  are  inchned  to  think  from  their  experiments,  admittedly  few 
in  number,  that  the  left  nerve  has  the  more  powerful  effect.  SUght  slowing 
of  a  rhythm,  presumably*  of  the  same  nature,  was  obtained  in  a  cat  by 
Hering  in  stimulating  the  right  nerve  ;  and  very  slight  slowing  was  observed 
by  him  in  two  experiments  upon  dogs  in  w  hich  the  right  nerve  was  employed. 
In  all  his  experiments  there  was  an  almost  immediate  alteration  of  the 
intervals  between  auricular  and  ventricular  systoles.  At  the  present  time 
we  have  no  definite  evidence  of  the  extent  of  the  vagal  innervation  of  the 
A-V  node,  neither  have  we  sufficient  data  to  effect  a  comparison  between 
those  of  the  two  sides.  Data  of  this  kind  I  propose  to  describe  and  review. 
But  as  jirevious  work  has  indicated  how  varying  is  the  distribution  of  the 
vagi  to  different  centres,  the  observations  have  been  extended.  In  all 
instances  a  comparison  has  been  instituted  between  the  action  of  each  vagus 
upon  each  node.  We  shall  see  the  effect  of  stimulating  right  and  left  vagus 
while  the  S-A  rhythm  is  present  and  shall  note  that  in  different  instances 
the  actual  or  comparative  effects  are  not  the  same  ;  we  shall  see  effects  of 
the  same  procedure  upon  the  A-V  conduction  during  the  progress  of  S-A 
rhythm  and  note  similar  variations.  In  the  same  animals  the  effect  upon 
A-V  rhythm  production  wiU  be  described. 

Method. 

Dogs  were  employed  and  complete  sets  of  records  were  obtained  in 
eight  instances.  The  animals  were  ansesthetised  with  morphia,  paraldehyde 
and  ether,  and  the  chest  opened  under  artificial  respiration.     The  heart 

*  I  say  presumably  l)ecause  I  do  not  think  that  the  rliythm  in  question  can  be  identified 
in  mechanically  recorded  curves  with  certainty.     (See  page     250). 
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being  exposed  and  the  pericardium  opened  a  leaden  tube  was  laid  along  the 
sulcus  terniinalis  and  connected  to  a  reservoir  of  iced  water.  By  cooling 
the  sulcus,  an  A-V  rhythm  was  immediateh'  produced  and  could  be 
maintained.  In  three  of  the  experiments  the  S-A  node  was  eventually 
destroyed  by  crushing  and  the  second  series  of  results  was  compared  with 
the  first ;  the  object  of  this  additional  procedure  will  be  more  ajjparent  later. 
The  vagi  were  exposed  in  the  neck,  and  in  most  cases  immediately  cut, 
covered  electrodes  being  attached  and  connected  to  a  single  secondary  coil. 
The  activating  batteries  to  the  primary  coil  were  maintained  at  a  constant 
voltage  throughout  all  experiments.  The  records  were  taken  elect rocardio- 
graphicalh'^  from  the  right  fore-limb  and  left  hind-Umb.  Simultaneous 
myocardiograms  were  taken  from  the  right  auricular  appendix  and  across  the 
ventricle  from  right  to  left  margin. 

A  series  of  records  was  taken  showing  the  effects  of  right  and  left  vagal 
stimulation  upon  the  S-A  rhythm  and  the  ^4-r  rhythm  ;  the  secondary  coil 
being  maintained  as  a  rule  at  a  fixed  distance.  Shorter  stimulation  and 
longer  stimulation  were  employed,  and  from  time  to  time  the  strength  of  the 
stimulation  current  was  suitably  varied.  In  anj^  series  the  records  were 
taken  in  quick  succession  so  that  the  conditions  might  be  kept  as  uniform 
as  possible. 

The  rhythm  investigated  ;    remarks  upon  the  records  and  intervals. 

When  cold  is  applied  to  the  sulcus  terminalis,  the  S-A  rhythm  slows 
and,  as  Gantcr  and  Zahn  and  others  have  shown,  the  mechanism  of  the  heart 
frequcntl}'  alters.  The  retardation  of  the  rh5'thm  of  the  natural  pacemaker 
permits  the  escape  of  other  centres.  Using  low  temperatures  I  have  always 
obtained  escape  of  this  kind,  but  the  mechanism  which  becomes  established 
is  not  of  constant  type. 

Two  distinct  types  of  heart  action  are  seen. 

1.  A-V  rhythm.  In  this,  which  is  the  commonest,  the  contraction  of 
auricle  and  ventricle  is  practically  simultaneous,  though  in  the  electro- 
cardiographic curves  the  auricle  almost  always  slightly  jirccedes  the  ventricle. 
A  characteristic  example  of  the  change  from  one  mechanism  to  the  other 
is  seen  in  Fig.  1.  The  cold  was  appUed  at  the  point  marked  by  the  signal. 
Slowing  is  seen  in  the  next  cycles  ;  then  the  P-B  interval  drops  to  -040* 
seconds  in  the  sixth  cycle  of  the  figure,  though  both  the  P  summit  and 
ventricular  complex  retain  the  normal  outhne  ;  it  is  at  this,  the  fifth  cycle, 
that  the  A-V  impulse  has  first  escajied,  but  the  auricle  being  already  in 
contraction  from  an  iS'-^  impulse,  does  not  respond  to  it.  The  next  and  last 
three  cycles  of  the  curve  show  the  estabUshed  A-V  rhythm.  The  form  of 
the  electrocardiogram  is  very  characteristic  ;    the  ventricular  complex  is  of 

*  Wniere  figures  are  given  to  tliree  decimal  points,  the  measurements  have  been  made  upon 
a  comparator  and  the  error  is  in  no  case  greater  than  -005  seconds  ;   usually  it  is  much  less. 


250  r .     LEWIS. 

normal  outline,  the  usual  P  summit  lias  vanished  and  is  replaced  by  a  small 
dip  immediately  before  R  and  resembling  a  diminutive  Q  deflection.  This 
little  depression  which,  as  I  have  abundant  evidence  to  show,  signals  the 
onset  of  auricular  contraction,  is  seen  in  most  of  those  curves  of  mine  which 
belong  to  this  group.  The  As-Vs  interval  which  can  be  measured  accurately 
only  in  the  electrocardiogram  is  -027  seconds.  In  the  tables  attached  to 
this  paper  the  measurement  of  the  As-Vs  interval  (usually  P-Ji)  is  given  for 
the  normal  and  ectopic  rhythm  in  each  experiment  ;  this  is  very  necessary 
for  the  magnitude  of  the  interval  is  one  of  our  best  guides  to  the  point  of 
origin  of  a  new  rhythm. 

There  is  another  feature  of  the  change  which  is  very  constant,  and  is 
seen  in  a  comparison  of  the  As-Vs  interval,  measured  in  the  mechanical 
curves  and  electrocardiograms.  While  the  normal  rhythm  is  in  progress 
the  mechanically  recorded  As-Vs  interval  is  less  than  the  P-P  interval  by  an 
average  of  -017  seconds.  This  discrepancy  is  increased  by  an  additional 
»00n  seconds  when  the  A-V  rhythm  becomes  established.  The  discrepancies 
are  due  to  differences  in  the  transmission  intervals  from  the  starting  points 
of  contraction  to  the  levers.  The  added  discrepancy  in  the  case  of  the  A-V 
rhythm  expresses  the  difference  between  two  transmission  intervals,  namely, 
the  S-A  node  to  auricular  lever  and  the  A-V  node  to  auricular  lever  ;  the 
latter  is  always  the  greater  when  the  auricular  curve  is  taken  from  the  right 
appendix.  The  auricular  curve  of  Fig.  1  was  from  the  right  appendix,  as 
in  all  the  present  figures.  As-  Vs  intervals,  measured  in  mechanical  curves,  are 
never  strictly  accurate  indices  of  the  commencing  contraction  wave,  and  under 
certain  circumstances  the  error  may  be  very  material.  It  may  be  so  great 
that  while  the  auricle  enters  contraction  actually  before  the  ventricle,  the 
reverse  is  shown.  I  emphasise  these  intervals,  not  only  to  point  out  this 
source  of  error  but  also  because  the  mechanical  curves  in  combination  with 
the  electrocardiograms  give  a  clue  to  the  distance  of  the  new  auricular 
centre  from  the  auricular  lever. 

2.  On  occasion  a  mechanism  of  a  different  kind  is  observed.  It  is 
illustrated  by  Fig.  2.  Slowing  as  a  residt  of  cold  applied  commences  after  the 
third  auricular  beat.  The  shape  of  the  auricular  summit  alters  at  its  sixth 
appearance.  The  first  alteration  we  may  leave  for  the  moment.  The  remain- 
ing P  summits  are  inverted.  The  ^s- Fs  intervals  before  the  change  shows, 
as  it  happens,  only  a  slight  discrepancy  ;  after  the  change  the  discrepancy 
amounts  to  -02  seconds  or  more.  Where  does  this  new  rhythm  arise  ? 
I  suggest  that  its  point  of  origin  is  also  to  be  sought  near  the  auriculo- 
ventricular  ring,  and  for  these  reasons  :  (a)  P  is  inverted  as  it  is  when  the 
rhythm  arises  in  the  A-V  node  itself  ;  (b)  the  distance  between  it  and 
the  appendicular  lever  is  considerably  greater  than  the  distance  between 
the  S-A  node  and  lever  (as  in  Fig.  1).  The  actual  excess  expressed  in 
time  is  -02  seconds.  In  Fig.  1  it  was  -009  seconds.  In  the  present  instance  a 
much  larger  animal  was  utilised,  sufficiently  accounting  for  tlie  difference  ;  (c) 
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the  P-R  interval  is  slightly  reduced,  approximately  by  Uio  seconds ; 
showing  that  the  centre  is  nearer  to  the  ventricle  than  the  S-A  node  by  this 
transmission  time.  Whatever  its  actual  origin  it  must  be  clearly  distinguished 
from  the  first  mechanism  discussed,  for  the  reduction  of  the  P-Ii  interval 
is  but  slight.  Fig.  3  shows  the  A-Y  rhythm  in  the  same  animal  during  a 
separate  observation.  Comi^aring  the  two  figures,  it  is  seen  that  in  each 
mechanism  P  comes  with  a  downstroke  ;  but  in  Fig.  3  the  P-R  interval 
is  only  -023  seconds. 

I  describe  the  second  type  of  mechanism  chiefly  that  I  may  be  understood 
in  stating  that  the  observations  upon  vagal  inhibition  hereafter  recorded 
ajiply  in  the  main  to  the  A-V  rhythm  confining  the  term  to  mechanisms 
in  \\hich  the  P-R  interval  is  less  than  -04-05  seconds  ;  a  few  observations 
have  also  been  made  upon  similar  rhythms  in  which  the  intervals  were 
longer,  but  the  opportunity  does  not  often  present  itself. 

But  before  leaving  this  particular  curve  (Fig.  2),  I  may  draw  attention 
to  the  curious  change  in  the  shape  of  the  P  summits  at  the  transition.  The 
centre  P  summit  is  a  combination  of  the  normal  and  invert  P  summit,  and 
has  been  produced  in  all  probability  by  \.\\o  excitation  waves,  one  started 
above,  the  other  below,  and  meeting  in  the  walls  of  the  auricle.  I  accept  this 
explanation  in  opposition  to  a  view  of  a  third  centre  of  impulse  formation 
because  (a)  the  P  summit  in  question  is  of  transitional  form  ;  (b)  it 
is  found  that  both  normal  and  invert  P  are  to  be  anticipated  at  this  point 
to  continue  the  preceding  and  succeeding  rhythm*  ;  (c)  because  these 
transitions  are  very  frequently  encountered  in  these  experiments  (the  last 
upright  P  of  Fig.  3  is  transitional,  it  is  reduced  in  size)  and  only  where  the 
clashing  of  the  two  excitation  waves  is  expected  ;  and  (d)  transitional  forms 
between  the  S-A  and  A-V  types  are  seen  when  the  P-R  interval  is  reduced 
to  -050  seconds  or  less  ;  the  less  the  reduction  the  more  nearly  is  P  of  the 
S-A  type,  the  greater  the  reduction  the  more  nearly  is  P  of  the  A-V  type. 

I  give  a  chnical  instance  of  a  parallel  phenomenon  in  Fig.  5.  Here  the 
transition  is  more  gradual  and  therefore  more  striking. 

Vagal  stimulation. 

The  observations  from  which  my  conclusions  are  drawn  are  fully 
exemphfied  in  the  tables  accompanying  this  article  ;  as  I  shall  often  refer 
to  these  tables,  the  manner  of  tabulating  is  first  described. 

Description  of  tables.  In  the  third  column  I  give  the  nature  of  the 
rhythm,  normal,  A-V  (or  simply  ectopic  rhythm,  where  the  actual  point 
of  origin  seems  more  open  to  question)  and  immediately  afterwards,  in 
brackets,  the  length  of  the  As-Vs  interval.  If  the  interval  was  measured 
in  the  electrocardiogram  it  is  indicated.     These  time  intervals  are  given  in 


*  The  shortened  interval  of  -OtiT  seconds  is  in  this  instance  tlie  result  of  a  primarily  isoelectric 
state,  when  the  upstroke  of  the  normal  P  and  the  downstroke  of  the  invert  P  first  combine. 


■25-2  T.     I.EWIS. 

seconds  and  to  three  places  of  decimals  ;  the  measurements  were  made  with  a 

comparator,  and  the  error  is  in  no  case  greater  than  -005  seconds.     All  the 

remaining  intervals  of  the  tables  are  given  in  twenty-fifths  of  a  second  and  to 

the  nearest  fiftieth  of  a  second.     To  complete  the  third  column  the  lengths 

before    stimulation    of    several  cycles    of    the    rhythm    tested  are  given  ; 

these  intervals  apply  to  auricle  and  ventricle  indifferently.     In  the  fourth 

column  I  give  the  nerve  stimulated  and  the  length  of  stimulation.     In  the 

fifth  column  the  distance  of  the  secondary  coil  during  stimulation.     The 

effects  are  stated  in  detail  in  the  sixth  column,  in  t\\  o  lines  ;  the  top  one  gives 

the  interauricular,  the  bottom  one  the  interventricular  distance,  from  cycle 

to  cycle,  and  measured  in  the   electrocardiograms   in  practically  all  cases. 

In  the  auricular  hne,  heavy  type  indicates  that  the  pause  precedes  an  auricular 

contraction  arising  in  the  S-A  node,  as  indicated  by  the  electrocardiogram  ; 

light  type  indicates  a  pause  preceding  an  auricular  beat  of  different  origin  ; 

if  unmarked  it  maybe    taken  as  of  A-V  nodal  origin  ;    if  marked  with  an 

asterisk  its  site  of  origin  is  discussed  in  the  remark  column.     Heavy  type 

in  the  ventricular  column  indicates  a  pause  preceding  an  escape  from  a 

ventricular  focus  ;    light  type  indicates  that  it  precedes  a  ventricular  beat 

which  is  a  response  to  the  auricle  or  A-V  node. 

Thus  in  Table  I   (obs.  1),  the  rhythm  is  normal,  the  P-R  interval  being 

13'5 
•095  seconds  and  the  original  lengths  of  cycles  sec.  &c.  ;  the  right  vagus 

was  stimulated  with  the  coil  at  22  cm.  for  two  seconds.  The  effect  of 
stimulation  is  simple  sloping  of  the  whole  heart,  the  auricular  beats  coming 
constantly  from  the  S-A  node  (heavy  tj^pe),  the  ventricular  beats  following 
them  (light  type)  ;  the  absence  of  appreciable  change  in  the  P-R  interval 
is  indicated  by  the  identity  of  the  intervals  in  the  two  columns.  The  effect 
of  right  vagal  stimulation  upon  ^4-Frh\'thm  is  seen  in  the  third  observation 
of  this  table  ;    the  A-V  rhythm  is  unchanged  for  the  first  cycle  (light  type 

44"0 

and  similar  intervals,  24-0,  above  and  below)  ;  the  next  cycle,  og.n  ends  in  an 

escape  of  the  S-A  node  and  of  the  ventricle  simultaneously.  The  fourth 
observation  is  similar  but  here  the  S-A  node  escapes  at  once  (33*0),  tfie 
ventricle  following  upon  it  ;  the  interval  of  the  latter  is  consequently  34-5. 
Again  in  the  second  observation,  the  commencement  of  the  fourth  cj^cle  is 
marked  by  slight  prolongation  of  the  P-R  interval  which  is  righted  a  few 
cycles  later  ;  this  is  indicated  in  the  intervals  of  the  third,  fifth  and  sixth 
cycles.  The  method  of  tabulating  should  be  clear  if  illustrative  figures  are 
compared  with  the  corresponding  observations  (see  figures). 

Effect  of  vagi  on  "  S-A  "  rhythm. 

In  the  eight  experiments  recorded,  the  effect  of  the  right  vagus  upon 
the  S-A  rhythm  has  been  more  profound  than  the  left  vagus  on  seven 
occasions  ;  in  one  experiment  (Table  I)  the  effects  were  about  equal.  So  far 
as  apparent  heart-block  is  concerned,  the  right  produced  a  greater  effect 
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than  the  left  vagus  on  one  occasion  only  (Table  \')  ;  the  left  had  the  greater 
effect  in  five  instances,  and  in  the  remaining  two  there  was  little  to  choose 
between  them.  These  observations  are  purely  confirmatory  of  past 
observations. 

Effects  during  "^-F"  rhythm. 

The  effects  of  vagal  stimulation  upon  the  heart  responding  to  an  A-V 
rhythm  vary  very  greatly.  Not  only  do  they  vary  according  to  the 
comparative  control  exerted  by  one  or  other  vagus  ;  but  the  results  are 
comphcated  by  the  condition  of  the  other  centres  of  impulse  formation. 
I  may  conveniently  describe  the  results  under  separate  headings  : — 

1.  Escape  of  the  S-A  node  ;  comparison  of  vagal  effects  upon  S-A  and 
A-V  node.  If  the  rhythm  of  the  S-A  node  is  reduced  by  cooling,  and  an 
A-V  rhythm  becomes  established  as  a  consequence,  and  if  one  or  other  vagus 
is  then  stimulated,  the  heart  shows  almost  immediate  slowing.  In  not  a 
few  exiieriments  the  first  or  second  cycle  of  the  slow  action  is  terminated 
by  a  P  summit  of  natural  form,  indicating  a  return  of  the  S-A  rhythm.'' 
Once  there  has  been  escape  of  this  kind  (Fig.  G)  it  is  maintained  during  the 
progress  of  stimulation  and  for  some  httle  while  afterwards  ;  eventually, 
as  the  observation  is  continued  and  the  cold  maintained,  an  A-V  rhythm 
is  always  re-estabhshed.  It  goes  without  saying  that  the  escape  is  the 
result,  not  of  the  stimulation,  but  of  the  slowing  of  the  A-  V  rhythm  conseciuent 
upon  stimulation.  When  the  escape  of  the  S-A  node  occurs  early  during 
the  observation,  the  intervals  do  not  express  the  full  effects  of  vagus  upon  the 
A-V  node.  We  know  that  the  A-V  rhythm  has  been  retarded  to  this  extent 
at  least  (Fig.  6)  but  we  do  not  know  the  actual  extent  of  the  retardation. 
The  intervals  actually  represent  the  effect  of  vagal  stimulation  upon  the 
cooled  S-A  node,  and  this  effect  is  always  more  profound,  in  the  absolute 
sense,  than  upon  the  uncooled  S-A  node  (see  Table  VIII,  obs.  1  and  2). 
Escape  of  the  S-A  node  occurs  in  the  great  majority  of  observations  in 
which  the  left  nerve  is  stimulated,  and  also  in  most  instances  when  the 
right  nerve  is  stimulated.  Such  observations  (see  Tables  I  and  II, 
and  the  first  part  of  Table  IV)  show  that,  absolutely,  the  effect  of 
the  vagus  upon  the  A-V  node  is  greater  than  upon  the  S-A  node.  This 
statement  appHes  to  both  nerves  ;  it  applies  with  ec^ual  forrcc,  as  might 
be  expected,  to  the  left  nerve,  for  the  influence  of  this  nerve  upon  the 
S-A  node  is  relatively  small.  It  should  not  be  forgotten  that  the  comparison 
is  not  between  the  normal  rhythmicity  of  the  two  nodes  ;  it  is  between  the 
rhythmicity  of  the  cooled  S-A  node  and  the  normal  rhythmicity  of  the 
A-V  node.  Even  under  these  circumstances,  where  the  effect  of  the  vagi 
upon  the  S-A  node  is  enhanced  by  applying  cold,  the  absolute  effect  is  greater 
upon  the  A-V  node.*     I  have  sj^oken  of  the  absolute  effect,  meaning  the 

*  A  solitarj-  exception  will  be  noted  later. 
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actual  rate  obtained  by  stimulation.  Relatively  it  is  also  greater  in  tlie 
experiments  to  which  I  refer,  for  the  S-A  node  is  cooled  and  its  rate  is 
therefore  initially  less  than  that  of  the  A-V  node  (whence  the  original 
establishment  of  the  A-V  rhythm).  The  vagi  are  acting  upon  two  centres 
of  imjjulse  formation.  If  we  judge  the  dynamic  condition  of  these  centres 
purely  by  the  rate  at  which  they  form  their  impulses,  we  must  then  conclude 
that  relatively  aiid  absolutely  the  effect  of  the  vagi  is  greater  upon  the  A-  V  node 
than  upon  the  S-A  node  in  the  majority  of  animals  in  which  the  effects  can  be 
compared.  It  is  customary  to  regard  the  A-V  node  as  a  relatively 
hypodynamic  centre  ;  its  hyi^odynamicity  is  physiological.  A  comparison 
with  hypodynamicity  j^roduced  by  cold  is  perhaps  questionable.  But 
allowing  such  a  comparison  to  be  a  fair  one,  then  our  conclusion  holds  good. 
It  is  perhaps  less  remarkable  than  might  api^ear  at  first,  for  as  the  A-V  node 
has  a  relatively  high  grade  of  rhythmicity  in  the  dog's  heart,  an  escape  of 
its  rhythm  would  be  a  common  event  during  slight  inhibition  were  it  not 
that  it  is  powerfully  controlled.  It  may  be  that  in  this  control  we  have  a 
provision  against  synchronous  action  of  the  two  chambers  in  the  dog's  heart. 
The  rate  of  the  dog's  heart  is  subject  under  natural  circumstances  to  very 
considerable  fluctuations;  were  the  A-V  node  free,  synchronous  action  of 
auricle  and  ventricle  would  be  a  common  event. 

2.  Comparison  of  right  and  left  vagus  upon  A-V  node.  When  there  is 
no  escape  of  the  S-A  node  until  in  the  late  phases  of  stimulation  a  comparison 
may  be  instituted  between  the  relative  effects  of  right  and  left  vagus  upon 
the  A-V  node.  Thus  in  the  experiment  of  Table  III,  observations  2  and  8 
may  be  compared  (Fig.  7  and  8)  and  also  observations  10  and  12.  The  first 
few  cycles  in  each  curve  are  controlled  by  the  A-V  node  ;  the  right  nerve 
produced  more  rapid  and  profound  slowing.  When  too,  as  sometimes 
haj^^iens,  the  slowing  produced  by  stimulation  of  the  left  nerve  is  insufficient 
to  lead  to  escape  of  the  *S'-^4  node,  the  degree  of  slowing  may  be  compared 
with  the  greater  slowing  of  the  heart  as  it  is  given  by  the  right  vagus,  whether 
the  S-A  node  escapes  or  not.  Thus  in  the  experiment  of  Table  IV, 
stimulation  of  the  right  vagus  with  a  weak  current  produces  (obs.  2)  profound 
slowing  of  the  heart  with  immediate  escape  of  the  S-A  node  ;  we  may  assume 
that  the  slowing  of  the  A-V  rhythm  is  more  profound  than  the  apparent 
slowing  in  this  observation.  Stronger  stimulation  of  the  left  nerve  (obs.  5) 
leads  on  the  other  hand  to  slight  slowing  of  the  A-V  rhythm  without 
escape  until  the  fourth  cycle. 

Judged  by  such  comparisons,  and  they  are  possible  in  four  experiments 
(Tables  III,  IV,  VI  and  VII)  the  right  vagus  acted  more  powerfully  upon  the 
A-V  node  in  all  but  one  instance  (Table  VII).  Here  the  left  vagus 
predominated  (later,  this  experiment  is  more  fully  described). 

In  two  animals  of  the  same  scries  (Tables  III  and  IV)  a  comparison  was 
also  instituted  after  destroying  the  S-A  node  by  clamping,  so  as  to  prevent 
escape  ;  preponderance  of  the  right  vagus  was  still  observed  in  both  (Fig.  9 
and  10)  ;  and  the  same  result  was  obtained  in  another  experiment  (Table  V). 
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Thus  iu  five  experiments  iii  which  the  effects  of  right  and  left  vagal 
stimulation  upon  the  A-V  rhythm  could  be  compared,  the  right  nerve  was 
regularly  the  more  effective  in  four  ;  in  the  fifth,  as  I  have  stated,  reverse 
relations  were  observed. 

In  these  clamp  experiments  a  large  area  of  the  tissue  of  the  right  auricle 
was  destroyed,  including  a  band  about  IJ  to  2  cm.  broad  and  running  the 
whole  length  of  the  sulcus  terminalis.  The  area  destroyed  included  in  fact 
the  whole  of  the  tissue  previously  cooled. 

2.  An  exceptional  experiment.  In  a  single  dog  a  very  remarkable 
effect  was  observed.  We  have  seen  that  in  most  animals  both  vagi  have  a 
more  powerfid  effect  upon  the  A-V  node  than  upon  the  S-A  node.  This 
direct  observation  accords  with  a  common  experience,  namely,  that  escape  of 
the  ^4- F  node  during  stimulation  of  the  vagi  is  rare.  We  have  also  seen  that 
as  a  rule  the  right  vagus  exerts  a  more  profound  influence  upon  the  A-V  node 
than  does  the  left  nerve.  In  the  exceptional  case  which  I  now  describe  the 
vagal  control  was  different.  In  this  animal  the  right  vagus  controlled  the 
S-A  node  to  a  greater  extent  than  the  A-V  node  ;  and  the  left  nerve 
controlled  the  A-V  node  to  a  greater  extent  than  the  right  nerve  ;  in  other 
respects  the  usual  rules  were  followed,  for  the  right  nerve  controlled  the 
S-A  node  to  a  greater  extent  than  the  left  nerve  and  the  left  nerve  had  a 
more  profound  effect  upon  the  .4-  V  node  than  upon  the  <S'-^4  node.  The  usual 
and  exceptional  effects  may  be  grasped  perhaps  more  readily  if  they  are 
expressed  in  tabular  form. 

Usual  relations. 

S-A  node  A-  V  node  Right  vagus  Left  vagxis 

Effect  of  Effect  of  Effect  on  Effect  on 

R.V.  +  L.V.—  R. V.  +  L. v.—  S  A  N  —  A  V  X  +        S  A  X  —  A  V  N  + 

Exctplional  relation^. 
R.V.  +  L.V.—  R.V.  —  L. V.  +  S  A  N  4-  A  V  N  —        S  A  N  —  A  V  N  + 

The  effect  of  this  curiously  distributed  control  is  seen  in  Table  VII.  It 
is  summed  up  in  the  following  statements  : — 

(a)  During  the  S-A  rhythm  the  right  vagus  produced  slowing  of  the 
S-A  rhythm  and  almost  immediate  escape  of  the  A-V  node  (Fig.  11)  ;  the 
S-A  rhythm  subsequently  re-appearing  where  stimulation  was  short  but 
showing  considerable  retardation.* 

(B)  During  the  S-A  rhythm  the  left  vagus  produced  a  lesser  grade  of 
slowing  ;  it  was  simple  slowing  and  the  A-V  rhythm  was  maintained  in 
abeyance. 

(c)  During  A-V  rhythm,  the  right  vagus  produced  a  very  sUght  and 
simple  slowing  (less  than  that  produced  during  the  S-A  rhythm)  and  the  S-A 
rhythm  was  held  in  abeyance. 

*  Thus,  although  the  effect  on  the  S-A  node  was  less  profound  than  upon  the  .1-  V  node, 
the  former  seemed  to  be  more  lasting. 
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(D)  During  the  A-V  rhythm,  the  left  vagus  produced  slowing  (to  a 
greater  extent  than  stimulation  of  the  right  nerve),  usually  accompanied  by 
escape  of  the  cooled  H-A  rhythm.     (Fig.  12.)* 

Alteration  of  the  "yis-Fs"  interval. 

Stimulation  of  the  vagus  during  the  progress  of  the  normal  rhythm 
produces  heart-block.  This  heart-block  may  be  manifested  in  two  ways  ; 
either  there  are  dropjied  beats,  the  ventricle  failing  to  respond  to  the  auricle, 
or  there  is  a  prolongation  of  the  interval  P-R.  The  last  event  is  almost 
constant  upon  stimulating  the  left  nerve  and  is  not  infrequent  upon 
stimulation  of  the  right.  In  the  eight  experiments,  heart-block  of  this 
kind  was  seen  in  seven,  and  on  several  occasions  preceded  to  the  higher 
grades  of  block,  namely  dropped  beats.  I  wish  to  emphasise  the  frequence 
of  conspicuous  heart-block  in  the  experiments  described  in  this  jJaper. 

When  true  A-V  rhythm,  that  is  to  say,  a  mechanism  in  which  the 
P-R  interval  is  less  than  -04  seconds,  has  become  established  and  the  vagi 
are  stimulated,  an  alteration  of  the  intervals  has  been  invariable,  with  the 
soUtary  exception  of  an  experiment  (Table  I)  in  which  early  escape  prevented 
its  appearance.  But  the  change  is  in  the  opposite  direction  and  consists  of  a 
reduction  of  the  "  P-R  "  interval  from  its  original  value  to  0-00  seconds  or  to 
a  minus  quantity.  This  reduction  is  usually  slight ;  on  occasion  it  may 
be  considerable.  I  have  seen  precisely  similar  changes  in  the  cat  upon 
stimulating  the  vagus  while  A-V  rhythm  was  present.  It  occurs  with  both 
nerves.  It  is  in  striking  contrast  to  the  usual  phenomenon  while  the  normal 
rhythm  prevails,  namely  an  increase  of  interval.  It  cannot  be  attributed  to  a 
simultaneous  change  in  the  level  at  which  the  impulse  arises.  The  change  and 
the  recovery  from  it  is  as  a  rule  very  gradual,  being  spread  over  a  number  of 
cj'cles  ;  where  it  can  be  identified  the  auricular,  complex  maintains  its  form  ; 
and  there  are  no  accompanying  irregularities  of  auricle  or  ventricle,  but 
simjily  slowing  of  each  ;  at  the  end  of  stimulation  there  is  gradual  lengthening 
of  the  interval  as  the  heart  quickens  and  a  return  to,  or  beyond,  the  former 
values.  I  may  illustrate  the  change  by  giving  the  successive  intervals  as 
measured  with  the  comparator  in  two  curves.  The  first  series  is  taken  from 
Fig.  12  ;  starting  one  cycle  before  the  commencement  of  the  figure  the 
intervals  arc  given  up  to  the  cycle  before  the  escajie  of  the  S-A  node.  The 
second  series  is  from  the  sixth  observation  of  the  experimentgiven  in  Table  VII. 

1.  (Table  VII,  obs.  8).  Successive  As-Vb  interval  in  seconds  (maximal 
error  -002  seconds)  -f -0119,  -I-  0087,  -I--0088  (left  vagus  stimulated,  coil 
16  cm.)  -h0039,  -l-OOll,  — 0056,  — 0073,  — 0173,  — 0246, — 0279,  — 0284, 
— 0332,  — 0347  (escape  of  auricle,  stimulation  continuing). 

*  The  actual  intervals  in  this  table  should  receive  close  examination,  the  rates  being  compared 
in  the  several  observations  ;   they  are  peculiarly  instructive. 
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2.  (Table  VII,  obs.  6).  Successive  P-E  intervals  (maximal  error 
•001  seconds)  0317,  0305,  0317  (left  vagus  stimulated,  coil  at  19  cm.), 
•0312,  0307,  0317,  0292,  0298,  -0299,  0286,  -0280,  -0239  (cessation  of 
stimulation),  ^0225,  -0230,  ^0232,  -0268,  -0292,  -0306,  -0330,  -0363,  0378, 
•0402. 

The  change  is  so  shght  from  beat  to  beat  that  tables,  arranged  in  the  manner 
of  those  at  the  end  of  this  article,  « ill  not  always  show  it  ;  but  it  is  perfectly 
clear  in  many  of  the  accompanying  figures,  and  notably  in  Fig.  8,  11  and  12. 
A  change  in  focus  yields  a  sudden  alteration  of  interval  and  usually  a 
shortening  of  the  corresponding  cycle.  This  last  phenomenon  has  been 
witnessed  on  several  occasions  during  the  course  of  my  experiments  ;  it  is  a 
distinct  condition  and  is  exemphfied  by  Table  IV  and  VI.  Thus  in  Table  IV 
(obs.  5),  the  change  is  abrupt  and  the  beats  which  foUow  are  relatively  rapid. 
The  same  statement  apphes  to  Table  VI  (obs.  9  and  11).  Moreover,  when 
there  is  escape  of  this  kind,  it  occurs  also  when  the  S-A  rhythm  is  distributed 
by  vagal  stimulation  (see  tables). 

To  what  then  is  the  reduction  of  interval,  so  constant  in  proper  A-V 
rhj'thm,  due*  ?  It  should  be  evident  that  theoretically  two  forms  of  heart- 
block  may  occur  in  A-V  rhythm  ;  if  the  block  were  between  node  and 
ventricle  it  would  be  of  the  usual  type.  There  would  be,  as  is  actually  found 
to  be  the  case,f  a  prolongation  of  the  P-R  interval  and  eventually  dropped 
ventricular  contractions.  On  the  other  hand,  if  a  block  occurs  between  node 
and  auricle,  then  a  reverse  change  should  be  seen,  nameh*  a  reduction  of  the 
P-R  interval.  Such  is  evidently  the  nature  of  the  disturbance  which  we 
are  considering.  It  is  proved  by  Fig.  12a,  in  which  the  reduction  proceeds 
and  until  the  As-Vs  becomes  a  minus  quantity  and,  increasing,  the  auricle 
fails  to  respond.  J  This  "  reversed  "  heart-block  is  of  much  interest ;  for  as  we 
shall  see  it  gives  a  definite  clue  to  the  level  at  which  the  vagus  acts  in  producing 
heart-block.  We  may  conveniently  postpone  a  consideration  of  this  question 
until  the  remaining  experiments  have  been  considered. 

The  action  of  the  vagi  upon  the  rhythms  in  which  the  "  As-Vs  "  interval 

is  greater. 

During  the  course  of  these  experiments  the  effects  of  the  vagi  have 
been  observed  upon  rhythms  in  which  the  As-Vs  interval  has  exceeded 
•05  seconds  ;  it  seems  desirable  to  give  these  results  separately.  The 
observations  are  less  complete  for  the  reason  that  such  rhj'thms  are  difficult 
to  obtain  and  maintain  with  constancy.     I  have  tabulated  two  series  of  these 

*  In  the  wliole  series  a  solitary  and  insignificant  exception  has  been  seen  (Table  V,  obs.  17). 
In  this  there  was  slight  prolongation  of  the  interval ;  the  measurements  -0211,  •OIOI  (left  vagus 
stimulated),  •0242,  -0220,  •0274;  ^0340,  •035S,   0345,  -0327  (max.  error   002  sec). 

t  Such  heart-block,  produced  by  applj-ing  a  clamp  to  the  A-  V  bundle  is  described  by 
Meakins  on  page  281  of  this  Journal 

t  The  measurements  of  this  figure  were  made  with  the  comparator  and  are  expressed  in  seconds, 
as  opposed  to  those  of  the  remaining  figures.      The  --I«-ils,  As-  Vs  and   I's-  Vs  inter\'als  are  given. 
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and  may  disuuss  them  biielly.  Tliu  tirst  series  is  to  be  found  in  the  first 
part  of  Table  V.  In  the  new  rhythm  the  P-R  interval  was  but  slightly 
reduced  (normal  -01)2,  ectopic  -081)  sec.)  and  P  instead  of  being  of  the  tall 
and  positive  form  showed  two  phases,  the  first  decidedly  negative,  the  second 
a  small  positive  effect.  The  point  of  origin  of  such  a  rhythm  is  not  definitely 
known  but  as  I  have  suggested  in  an  earUer  part  of  this  paper,  probably 
comes  from  the  region  of  the  A-V  ring. 

Comparing  the  effects  of  the  right  vagus  upon  the  S-A  rhythm  and 
new  rhythm  in  this  animal :  the  influence  of  this  nerve  upon  the  S-A  rhythm 
was  always  relatively  and  sometimes  absolutely  more  profound.  High 
grades  of  partial  heart-block  \\ere  produced  between  auricle  and  ventricle 
in  both  circumstances. 

Comparing  the  effects  of  the  left  vagus  :  the  influence  of  this  nerve 
upon  the  new  rhythm  was  greater  relatively  and  absolutely  than  upon 
the  S-A  rhythm.  Thus  in  obs.  4  and  5,  the  effect  upon  the  normal  rhythm  is 
slight,  upon  the  new  rhythm  considerable.  In  obs.  10  and  11,  the  difference 
is  also  conspicuous.  Partial  heart-block  was  also  seen  during  stimulation 
of  the  left  vagus  in  this  experiment,  and  on  all  occasions. 

Comparing  the  effects  of  the  two  vagi  :  the  right  nerve  influenced 
the  S-A  rhythm  more  than  the  left  ;  on  one  occasion  (obs.  5  and  7)  the  same 
nerve  had  the  greater  influence  upon  the  new  centre,  on  another  occasion 
(obs.  9  and  11)  the  left  nerve  had  rather  more  effect  than  the  right. 

In  the  second  series  (Table  VIII)  a  new  rhythm  of  similar  character 
was  under  observation.  The  P  summit  was  of  the  same  form  ;  the  reduction 
of  the  P-B  interval  was  rather  greater,  being  from  the  normal  of  -132  seconds 
to  -074  seconds. 

Comparing  the  effects  of  vagal  stimulation  upon  S-A  rhythm  and  new- 
rhythm  :  the  influence  of  both  nerves  w  as  greater  upon  the  new  rhythm, 
as  evidenced  by  the  greater  degree  of  slowing  and  also  by  the  frequent  and 
early  escape  of  the  S-A  node  during  stimulation  in  obs.  3,  5,  7,  &c..  These 
effects  are  in  contrast  to  those  found  in  the  first  experiment  (Table  V).* 
The  effects  of  the  two  vagi  could  not  be  compared  on  account  of  invariable 
escape  from  other  centres. 

Vagal  heart-block. 

We  may  return  to  a  further  consideration  of  heart-block  as  it  is  produced 
by  vagal  stimulation.  We  have  seen  that  when  true  A-V  rhythm  is  present, 
the  usual  or  forward  heart-block  which  interrupts  a  normall}-  secjuential 
heart  is  replaced  by  what  I  term  "  reversed  "  block.     It  is  to  be  remarked 


I 


*  All  interesting  occurrence,  but  one  for  wliich  no  explanation  seems  to  be  forthcoming,  is 
charted  in  obs.  10  to  13.  Towards  the  end  of  the  experiment,  while  the  S-A  rhythm  was  estabhshed, 
the  left  vagus  gave  with  great  regularity  short  runs  of  rapid  beats  of  ventricular  origin  (Fig.  13). 
No  sign  of  such  beats  could  be  obtained  when  the  same  vagus  was  stimulated  after  the  establish- 
ment of  the  new  rhythm  although  the  positive  and  negative  observations  were  repeated  many 
times  alternately. 
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that  prolongation  or  reduction  of  the  interval  in  a  given  animal  is  clearly 
connected  with  the  previous  origin  of  the  rhythm.  If,  too,  the  starting  point 
of  the  rh\-thm  changes  from  S-A  node  to  A-V  node  (or  vice  versa)  during  the 
course  of  stimulation  a  widening  interval  is  replaced  by  a  reducing  interval 
(or  vice  versa).  We  have  also,  bv  way  of  contrast,  an  experiment  in  which, 
though  the  auricular  and  ventricular  contractions  were  to  some  extent 
simultaneous  (Table  V),  the  P-R  interval  being  -089  seconds,  forward  heart- 
block  was  conspicuous.  In  an  early  part  of  this  paper  I  have  discussed  the 
probable  origin  of  such  rhj-thms,  regarding  them  as  emanating  from  the 
lowermost  levels  of  the  auricle,  the  uppermost  levels  of  the  junctional  tissue. 
This  vie\\  harmonises  with  that  previously  expressed  by  Hering.*  The 
contrast  in  the  action  of  the  vagus  upon  two  rhythms  which  are  clearly  such 
close  neighbours  is  remarkable.  Nevertheless  it  is  susceptible  to  explanation 
if  we  conclude,  as  I  think  we  must  now  conclude,  that  the  vagus  acts,  in 
producing  heart-block,  ujjon  the  A-V  node  or  its  immediate  vicinity.  We 
know  that  it  cannot  exert  its  influence  solely  upon  the  A-V  bundle,  for  if  so, 
during  A-V  rhythm,  a  forward  heart-block  would  be  produced  (see  Meakins' 
evidence).  There  is  another  reason  for  imagining  that  it  is  the  node  which 
the  vagus  depresses.  Although  the  auricle  raaj'  fail  to  respond  on  occasion, 
such  as  that  cited,  to  A-V  impulses,  yet  this  phenomenon  is  rare  ;  the  degree 
of  reversed  heart-block  is  almost  always  slight  and  on  a  sohtarj"  occasion 
(obs.  17,  Table  ^^I)  a  very  shght  grade  of  forward  block  was  witnessed. 
This  in  itself  caUs  for  attention  ;  the  degree  of  block  witnessed  is  not  the 
degree  anticipated  from  observations  upon  the  S-A  rhythm  in  the  same 
animal.  If  the  vagus  acts  in  producing  heart-block,  as  might  be  supposed, 
mainly  and  uniformly  upon  Tawara's  node,  and  the  rhythm  affected  arises  at 
a  low  level  in  this  node,  then  the  influence  could  be  twofold.  The  vagus 
would  tend  to  produce  forward  heart-block  in  virtue  of  its  action  upon  the 
shorter  and  lower  reaches  of  the  tissue,  and  reversed  heart-block  in  greater 
degree  in  virtue  of  its  action  upon  the  longer  and  upper  reaches  of  the 
structure.  The  two  effects  would  tend  to  counteract  each  other,  though 
reversed  heart-block  would  predominate. 

As  an  alternative  explanation,  it  might  be  suggested  that  the  predominant 
action  of  the  vagus  is  at  the  precise  level  at  which  the  rhythm  originates, 
but  that  it  also  acts  upon  the  auriculo-ventricular  junction  above  the  node, 
and  upon  the  bundle  below  it,  the  foi-mer  action  being  somewhat  the  greater. 
This  explanation  would  equally  meet  the  case. 

Wiichever  view  may  be  adopted  we  are  left  with  the  main  conclusion, 
that  the  chief  action  of  the  vagus  is  at  the  node  or  in  its  immediate  neighbour- 
hood. And  this  conclusion  appMes  not  only  to  a  heart  exhibiting  A-V 
rhythm  but  to  S-A  rhythm  as  well.  The  experiment  given  in  Table  VI 
should  be  attentively  studied.  \Miile  the  A-V  rhj-thm  is  present  and  the 
heart  comes  under  the  influence  of  the  vagus,  reversed  heart-block  is  noted  ; 
immediately  at  the  escape  of  the  new  centre  from  a  higher  level,  the  relations 
are  altered  and  forward  heart-block  is  found. 
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Summary. 

1.  If  after  A-V  rhythm  is  established  by  cooling  the  S-A  node,  the 
vagus  is  stimulated,  the  usual  efifect  is  slowing  with  escape  of  the  cooled  S-A 
node.     This  statement  applies  to  both  nerves,  but  especially  to  the  left. 

2.  This  fact,  and  a  comparison  of  the  actual  degree  of  slowing  produced 
by  vagus  stimulation  upon  S-A  and  A-V  rhj'thm,  leads  to  the  conclusion 
that  the  influence  of  both  vagi  is  usually  more  profound,  relatively  and 
absolutely,  upon  the  A-V  rhythm  than  upon  the  *S'--4  rhythm.  It  is  to  this 
that  the  infrequent  escape  of  the  S-A  node,  during  vagal  stimulation,  is  due. 

3.  Although  it  may  be  true  that  the  right  vagus  has  more  influence 
than  the  left  in  producing  A-V  heart-block  in  the  dog,  yet  the  right  nerve 
usually  appears  to  have  a  larger  control  than  the  left  upon  A-V  rhythm. 

4.  The  relative  control  of  the  vagi  over  the  A-V  rhj-thm  is  not  constant 
from  animal  to  animal.  While  in  most  the  right  nerve  predominates, 
yet  the  reverse  may  be  true.  In  an  exceptional  animal  the  control  in  order 
of  magnitude  was  as  follows  : 

1  and  2  ( ^^S^^^  vagus  upon  S-A  rhythm 
[Left  vagus  upon  A-V  rhythm. 

3  and  4  i^^^^  vagus  upon  S-A  rhythm. 

(Right  vagus  upon  ^-F  rhythm. 

The  usual  order  is  : — 

1  Right  vagus  upon  A-V  rhythm. 

2  and  j/^^S^^*  vagus  upon  S-A  rhythm. 

[Left  vagus  upon  A-V  rhythm. 

4  Left  vagus  upon  S-A  rhythm. 

5.  When  the  auricle  or  ventricle  beat  partly  or  wholly  together,  the 
quahty  of  the  heart-block  which  results  from  vagal  stimulation  varies 
according  to  the  length  of  the  As-Vs  interval. 

6.  The  almost  constant  absence  of  the  usual  form  of  heart-block  when 
the  vagus  is  stimulated  and  prosier  A-V  rhythm  is  present,  and  the  presence 
of  reversed  block,  shows  that  the  vagus  in  producing  heart-block,  acts, 
predominantly  at  least,  on  the  auricular  side  of  the  tissue  originating  A-V 
rhythm  ;  at  the  same  time  it  acts  chiefly  on  the  node  itself. 
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Table  I.     (Dog  EE). 


Obs. 

Rhythm  and  rate 

before 

stimulation. 

Nerve  and 

length  of 

stimulation. 

Coil 
at 
cm. 

Effect. 

Remarks. 

Rig 
1 

ht    Vwpis  cut. 
Normal  (P-iJ=095  sec.) 
13-5,   13-5 

R.V.     50* 

20J 

As.  14  5*,15  5,  16  0,  170,  16  0.  15  5,  15  0,  14  5 

Vs.    Ho,   15-5,   160,   170,   160,   loo,   150,   14-5 

Simple  slowing. 

2 

t 

Normal, 
14-5,   140 

R.V.     95 

18J 

As.  15  0, 18  0,  200.  21  5,  22  5.  21  0,  20  0,  20  0 

Vs.    15-0,  18-0,  21-0,  21-5,  22-0,  20-5,  20-0,  20-0 
Vs.   20  0,  20  0, 19  0. 18  0 

Vs.    20-0,  20-0,  19-0,  18-0 

Slowing  and  prolonged  P-R. 

3 

.4.rnode(P-iJ=026  8ec.) 
170,  170,  17-5 

R.V.     87 

m 

.4s.   240,           44  0,34  0,32  5,27  0.26  0,25  0,19  0 
Vs.    240,  380,  100,  330,  32-5.  270.  260.  250,  190 

Slowing  ;  escape  of  ventricle 
and  avu-icle  ;  prolonged  P-  R. 

4 

A-V  node, 
200,  200 

R.V.  100 

17i 

As.  33  0,  34  0,  36  0,  31  0,  29  5.  29  0.  28  5,  28  0,  28  0 

Vs.   34-5,  34-0,  35-5,  310,  29-5,  290,  28-5,  28-0,  280 

Slowing  with  escape  of  auricle. 

5 

Normal, 
160.  160 

R.V.     95 

in 

.is.    19  0,  20  0,  21  5,  22  0,  22  5,  21  0,  20  0,  20  0, 

Vs.    190,  210,  220,  22-5,  22-5,  200,  200,  200 

Slowing  and  prolonged  P-R. 

6 

A-V  node, 

180,   180,   17-5 

R.V.     97 

17i 

As.    19  5,  32  0,  48  0.  6  0,  33  5,  30  0 

Vs.    19-5,  340,  440,          43-5,  300 

Slowing,  escape  of  auricle  and 
ventricle. 

Left 

7 

Vagus  cut. 
Normal, 

170,  17-0,  16-5 

L.V.     87 

17J 

As.  17  0, 19  5, 19  5.  20  0,  20  0,  20  0, 18  5, 19  0 

Vs.    17-0,  19-5,  200,            39-5,  20-0,  18-5,  19-0 

Slowing,  prolonged  P-  R  ;  and 
one  missed  beat. 

8 

A-V  node, 
18-5,   190 

L.V.      73 

IH 

^8.   18  5,  31-5.  29  0,  28  5.  28  0.  28  0 

Vs.    18-5,  330,  29-5,  28-5,  280,  280 

Slowing  ;    escape  of  auricle. 
prolonged  P-R. 

9 

A-V  node, 
250,  250 

L.V.   120 

in 

.4s.  31  0,  30  0,  30  0,  30  0.  30  0,  29  5 

Vs.   32-5,  30-0,  300,  300.  300,  29-5 

Slowing  and  escape  of  auricle. 

10 

Normal, 

190,  190,  190 

L.V.   127 

I'i 

.4s.  21  0,  22  0,  22  0,  22  5,  22  5,  23  0,  220 

I's.   21-0,  22-0.  220,  230,  22-5,  230,  220 

Simple  slowing  and  prolonged 
P-R. 

Dui 
phy 

Summanj.     During  the  iS- 
ring  the  .4-1'  rhythm,    bot 
thm  was  seen  on  all  occas 

•  Twenty -fifths  of  seconds 

-4  rhythm,  th 
1  right  and  le 
ons. 

e  right 
ft  vagi 

and  left  vagus  produced  simple  slowing  with  prolongation  of  the   P-  R  interval, 
produced  greater  slowing  than  during  the  normal  rhythm  ;    early  escape  of  S-A 

/ 
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Table  II.     (Dog  ED.) 

bs. 

Rhythm  and  rate 

before 

stimulation. 

Nerve  and 

length  of 

stimulation. 

Coil 
at 
cm. 

Effect. 

Remarks. 

S 

1 

ht    Vaqus  cut. 
Normal  (P-fl  =  -086  sec.) 
13-6.   13-4,   13-2 

R.V. 

35 

22 

.4s. 
Vs. 

170,  18  4,  18  0,  17-2,  15  0 

170,  18-4,  18-0,  17-2,  150 

Simple  slowing  of  the  whole 
heart. 

2 

.•l-rnode(P-«=029sec.) 
142,      14-2 

R.V. 

32 

22 

.4  s. 

Vs. 

170,  300,  22-5,  19-5 
170,  300,  22-5,  210 

Slowing ;  slight  reduction  of 
P-  R  ;  single  escape  of  S-A 
node. 

3 

Normal, 
13-8,   13-9 

R.V. 

33 

22 

.As. 
Vs. 

16  5,  20  5,  20  0,  18  0,  17  0 
160,  210,  200,  180,  170 

Single      ventricular       escape ; 
slowing. 

4 

Normal. 
13-5,   13-5 

R.V. 

105 

22 

As. 
Vs. 

15  6,  64  0.  44  5 

15«,  640,  44o 

Simple  profound  slowing. 

5 

^■Fnode, 

150,  150,  150 

R.V. 

90 

22 

As. 
Vs. 

1240 
1240 

Standstill. 

6 

A-V  node, 

16-5,  160,  160 

R.V. 

70 

23 

As. 
Vs. 

17-0,   19-0,  22-5,  210,  20-5,  200 
17-0,  190,  22-5,  210,  20-5,  200 

Simple  slowing ;  very  slight 
reduction  of  P-R. 

7 

Normal, 

150,  150,  150 

R.V. 

77 

23 

.4.5. 
Vs. 

17  0.  17  5,  17  0,  19  0.  19  5,  90,  16  5,  16  0 

16  0.  16  5,  17-5,  190,  20  0,  9o,  16-5.  160 

Simple  slowing  with  escape  of 

ventricle. 

8 

Vagus  cut. 
Normal, 
140,   140 

L.V. 

70 

23 

As. 

As. 
Vs. 

16  0.  160,  16  0,  16  0,  16  0,  15  5,  16  0.  16  0, 

ItiO,                                   040,              31-5,  160, 
16  0,  15  0,  15  0 

lliO,   150,   15-0 

Slowing  and  four  missed  beats. 

9 

Normal, 
14-5,   140 

L.V. 

90 

22 

As. 
Vs. 
As. 
Vs. 

170.  16  0,  170,  16  5,  17  5.  16-5,  170,  170, 
17-0.                                      6S-0.               32-5, 
17  0,  16  0,  16  0,  15  5 
340,  160,  160,  15-5 

Slowing  and  five  missed  beats. 

10 

.4-r  node, 

160,  160,  16  0 

L.V. 

90 

o.> 

As. 
Vs. 
As. 
Vs. 

21  0.  32  5.  35  0.  33  0,  25  0,  23  0,  225,  22  5, 

250,              67-5,  320,  250,  230,  22-5,  22-5, 

22  0,  22  0 
220,  220 

Slowing  and  immediate  escape 
of  S-.4  node ;  one  missed 
beat. 

11 

.4-1'  node, 
170,  170 

L.V. 

90 

22 

.Is. 
Vs. 

170,  340,  32-5,  210  + 

17-0,                        86-0  + 

Slowing  ;  escape  of  S-A  node  ; 
two  missed  beats. 

12 

Normal, 
16-5,   16-5 

L.V. 

90 

22 

As. 
Vs. 

20  0,  25  0,  28  0,  270 

20-5,              53-0,  26-5 

Slowing  ;  one  missed  beat. 

1 
1 

3 

A-V  node, 
160,  16-5 

R.V. 

95 

22 

As. 
Vs. 

16-5,  102-5 
10-5,  1040 

Standstill ;  escape  of  iS-.4  node. 

4 

Normal, 
loo.   160 

R.V. 

110 

22 

As. 
Vs. 

17  0.  27  0.  90  0 

17-0.  27-5.  t»00 

Slowing  and  standstill ; 
prolonged  P-R. 

15 

Normal, 
150,   150 

R.V. 

90 

22 

As. 
Vs. 

100  0.  27  5.  19  5,  180,  18  0 

1000,  27-5,  19-5,  18-0,  180 

Standstill  and  slowing ; 
slightly  prolonged  P-R. 

16 

A-V  node, 

16-5,   16-5,   16-5 

R.V. 

90 

22 

As. 
Vs. 

170,  1240,  340,  34-5 
170,  1240,  340,  360 

Standstill,  slowing,  reduction  of 
P-R,  and  final  escape  of 
S-A  node. 

h 
ii 

ea 

Stimmary.      During  the  nc 
rt-block.     During  the  .4-  T' 
rval,  but  with  the  latter  t 

rmal  rhythm 
rhythm,  the 
bere  was  alw 

the  ri 
right  \ 
lys  an 

ght   vagus  produced  far  more  auricular  slowing  than 
agus  produced  greater  slowing  than  the  left  vagus 
immediate  escape  of  the  <S-.4  node. 

the  left ;    the  left  vagus  gave 
and  a  reduction  of  the  P-R 
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Table  III.     (Doo  EL.   both   vagi   cut.) 

Obs. 

Rhj'thm  and  rate 

before 

stimulation. 

Ner\e  and 

length  of 

stimulation. 

Coil 
at 
cm. 

Effect. 

Remabb^s. 

1 

Normal  (PR  =094  sec.) 
7-5,  7o 

R.V.     85 

21 

As.  100,  10  0.  10  0,  12  0.  125,  13  5,  19  5,  16  0, 

Vs.    100.   100.   lOo,   120.   12-5,  13o,   19-5,   160, 
As.  12  5.  10  0.  10  5,    9  5,    9  0,    8  5,    8  0,    75 
Vs.    12-5,   100,   10-5,     9-5,     90,     S-.5.     7o,     7-5 

Slowing  with  slight  prolonga- 
tion of  P-R  inter%'al. 

2 

.4-Fnode(P  .R=016sec.) 
10-5,  10-5,  10-5,  10-5 

R.V.     85 

21 

As.   120,  150,  210,  52-5,  20  0,  15  0.  14  0.  14  0, 
Vs.    11-5,  15-0,  230,  500,  220,  150,   140,   140, 
.4*.  13-5 
Vs.   13-5 

Slowing,     reduction    of     P-R, 
escape     of    S-.4.     node    and 
single   escape   of  ventricle. 

7 

Xormal, 

7-5,  7-5,  7-5 

L.V.     80 

21 

.4«.     7  5,    8-5,    9  5,  10  0.  10  5,  11  5,  11  0.  12  0, 
Vs.      7-5,     8-5.     9-5,   lOo,    11.0,   U-.J.    11-5, 
.4«.  12.5,  12  5,  11  5,  10  0,  10  0,     9  5,    9  0,    8  5 
Vs.    230,  12-5,  11-5,  100,  100,     9-5,     9-0,     8-5 

Slowing   of   auricle,   prolonged 
interval  and  dropped  beat. 

8 

A-V  node, 

(P  .R=036  sec.) 
no,   110,   110 

L.V.      70 

21 

.As.   110.  120,  130,  12  5.  130.  13  0.  12  5.  12-5, 
Vs.    110,  11-.5,  130,  150,  130.   130,   12-5,   12-5, 
.48.  13  0.  12  5,  12  5,  12-5,  12  5,  12  5 
Vs.    130,   12-5,   12-5,   12-5,  12-5,  12-5 

Slowing,     reduction    of     P-R, 
escape     of    5-.4     node     and 
maintenance  of  this  action. 

9 

Normal, 

7-5,   7-5,  7-5,  7-0 

L.V.    190- 

21 

-4s.     80,    9-5,    9  5.  10  0,  10  0,  10  5.  10  5,  11  0, 

Vs.      8-0,     9-5,     9o,   lOo,   100,   110,   lOo,   11-0, 
-4s.  11-5,  120,  12 0.  12  5,  12 0,  12  5,  12  0.  12  5 
Vs.    llo.  120.   120,   12-5.   120,   12o,   120.   12-.> 

Slowing,  with  prolongation  of 
P-R  intervaL 

10 

A  -  V   node 

(P -i?=-036  sec.) 
lOo,   110,   10-5 

L.V.   190-i- 

21 

.48.    110,  120,  12-5,  140,  12-5,  130,  13-5,  13-5, 
Fs.    11-0.  120.   12-5.  140,  150,   120,  13-5,   13-5, 
-4s.  13  5,  13  0.  13-5,  13  5,  13  0.  13  5 

I's.  13-5.   130.   13-5,    13  5,   130,   13-5 

Slowing;   reduction  of  As-Vs  ; 
escape       of       S-A        node ; 
maintenance  of  slowing. 

11 

Normal, 

80.  SO,   80 

R.V.  210-^ 

21 

As.  8-5,  110,  11-5,  14  5,  19  0,  28  0,  29  5,  26  0- 

Vs.   So.   110,   11-5.   150,   19-5,  2S0,  29-5,  26-0, 
.4s.  350 
Vs.   350 

Profound     slowing ;          slight 
increase  of   P-R  interval. 

12 

A-V    node 

(P-P  =  -036  sec.) 
110,   110,   110,   110 

R.V.  170-f 

21 

.4s.   110,  120,  140,  16-5,  16  0,  170,  180,  200, 

Vs.    110.   120.  140.  16-5,  ISO,   170,  18-0,  200, 
-4s.  22  0,  30  0- 
F«.   220,  300- 

Slowing;   reduction  of  As-Vs; 
escape  of  S-.4  node  ;   further 
slowing. 

13 

Normal 

8-0,  8-0,  80,  8-0 

R.V.  160- 

20 

.4».     8  0,  120,  16  0,  320,  520,  44  0  + 

Fs.      80,  120,  160,  320,  520,  44-0+ 

Profound    slowing    with    very 
slight   prolongation   of   P-R 
interval. 

14 

A-V  node 

(P-P=036  see.) 
110,  llu,  11-0 

R.V.  170+ 

20 

.48.   12-5,  170,  17  5,  29  0,  96  0  + 
Vs.    12-5,  170,  190,  290,  960  + 

Slowing  ;     slight   reduction   of 
PR;    escape  of  S-A  node; 
profound  slowing  and  stand- 
still. 

15 

Normal, 

7-5,   7-5,  7-5,   7-5 

L.V.   175+ 

20 

-4s.     8  0.  10  0,  10  0,  10  0,  10  0,  11  0,  11  5,  125, 

Vs.     80,  100,  10-5,  10-5,   100,   110,  120,   12-5, 
As.  140,  14  0.  13  5,  13-5,  13  5,  13  5,  13  5,  13  0 
Vs.              270,              270,              27-0,              26-5 

Slowing  ;         prolonged      P-R 
intenal ;   2  :  1  heart-block 

16 

.4-F  node 

(P-i?=036  sec.) 
120,   120,   11-5 

L.V.   180- 

20 

.4s.   12  0,  15  5,  140,  14  0,  14-5,  15  0,  160,  150, 

Vs.    12  U,   170,  140,   150,  15-5,  150,  16-0,  150, 
-4s.  30  0,  30  0 
Vs.   28-0,  300 

Slowing  ;    escape  of  S-A  node 
and      subsequent       slowing 
with  prolonged  P-  R  interval. 

S-A 
35 

Node  Clamped. 
A-V  node 

(P.i?=016see.) 
12-5.   12-5,   12-5 

R.V.   150- 

20 

.4«.   12-5,  13-0,  14-0,  150,  16-5,  180,  19-5,  20-0 
Vs.    12-5,  130,  140,  150,  16-5,  180,  19-5,  20-0 

Slowing  ;   with  sUght  reduction 
of  PR. 

36 

.4-F  node 

(P.P=016  sec.) 
130,   130,   130 

L.V.    150- 

20 

.4s.    140,  14-5,   160,   16-5,  180,   190,  210,  22-5 
Vs.    14-0,  14-5,  160,  16-5,  180,   190,  210,  22-4 

Slowing  ;   with  sUght  reduction 
of  PR. 

37 

1 

.4-F  node 

(P-P=016  sec.) 
12-5,   12-5 

L.V.    170- 

20 

.4s.    12-5,  130,  130,  13-5,  150,  15-0,  15-5,  16-5, 
Vs.    12-5,  130,  130,  14-0,  15-0.  15-0,  15-5,  16-5, 
.4s.    17-5,  180,  18-5 
Vs.    17-5,  ISO,  18-5 

Slowing  ;   with  slight  reduction 
of  P-R. 

.4-F  node 

(P-R=016  sec.) 
140,   140 

R.V.   160.^ 

20 

.4s.    140,   1550  + 
F«.    140,  1550  + 

Standstill. 

Summary.  During  the  S-A  rhythm,  the  right  nerve  slowed  the  auricle  much  more  than  the  left  ;  the  left  produced  a  great^ 
■gree  of  apparent  heart-block.  .Aiter  abolishing  the  S-.i  rhj-thm  by  cooling  (and  during  .4-F  rhythm)  both  ner\-es  produced 
owing,  the  right  especially,  with  reduction  of  P-R  interval ;  and  eventually  there  was  escape  of  the  S-A  node  (under  right  and 
ift-sided  inhibition)  and  subsequent  slowing  of  the  whole  he&rt  (with  the  right  especially).  After  clamping  the  S-.4.  node,  both 
Irves  produced  slowing  of  the  A-V  rhythm;    the  right  more  especially;    both  also  produced  reduction  of  P-R  interval. 
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Table  IV.     (Dog  EG.) 


Rh\thra  and  rate 

Xerve  and 

Coil 

Obs. 

before 
stimulation. 

length  of 
stimulation. 

at 
cm. 

ErFECT. 

Remarks. 

Rig 
1 

ht   Vagus  cut. 
Xormal 

R.V.     ST 

20 

.U. 

130. 

155, 

65  0,  24 0.  19  0,  14-5,  12-5,  120, 

Prolonged    P-R;    standstiU. 

(P  .R=103  sec.) 

Vs. 

130. 

160, 

64-5,  240,   190,  14-5,   12-5,   120. 

120.   120 

As. 
Vs. 

120. 

120. 

120 

120 

9. 

A-V  node 

R.V.     60 

20 

As. 

150, 

170, 

500.  220,  21  5.  21-5,  21  0,  20  5. 

Escape  of  S-A  node  ;  slowing  ; 

(P-fl=025  sec.) 

Vs. 

17-5. 

170, 

500,  220,  21-5,  21-5,  210,  20-5, 

later  stoppage. 

140,   140 

.is. 
Vs. 

200 

200 

Left 

Vagus  cut. 

S 

Xormal, 

L.V.      90 

16i 

-is. 

125. 

130, 

13  0,  13  0.  13  5,  130,  12  5.  12  5. 

Slight      slowing      and      slight 

120,   120,   120 

Vs. 

.is. 
Vs. 

12o. 
120, 

120. 

130. 
120. 

120. 

13-5,  13-0,   13o,   130,  12-5,   120, 
120 

120 

prolongation  of  P-R. 

5 

.4-F  node, 

L.V.   200 

16i 

As. 

150, 

150, 

15-5,   190,*  16-5,*  160,*  160,* 

Slight     slowing     and    reduced 

150.   14o.   14-5 

Vs. 

150, 

150, 

150,  20-5,     16-5,     160,     160, 

P-  R  ;    later  greater  slowing 

.is. 

160, 

*   16-5 

,*  16-5,*  170,*  16o* 

and  escape  of  new  point.* 

Vs. 

160, 

16a 

,     16-5,     170.     16-5 

(.4s-  Vs  -06  sec). 

fi 

Xormal, 

L.V.   200 

16i 

.is. 

125, 

140. 

13  5,  14  0.  140,  14  5,  15  0.  15  0, 

Slight  slowing  and  prolongation 

120,   120.   12-5 

Vs. 
As. 
Vs. 

12-5, 
15-5, 
15-5, 

140, 
160. 
160, 

13-5,   140,   150,   14-5,   150,   150, 
16  5,  16  5,  16  0 
16-5,  16-5,  160 

of  the  P-R  internal. 

Xormal, 

R.V.  275 

16* 

-is. 

14-0. 

150, 

30  0,  69  0,  59  5,  72  0 

Profound  slowing    and    stand- 

120,  120.   120 

Vs. 

140. 

150, 

300,  690,  59-5,   720 

still,  with  prolonged  P-R. 

S-A 

node  clamped. 

10 

A-V  node 

R.V.     90 

16i 

As. 

18-5, 

21-5, 

►   104-5,  34-0 

Slowing  ;  escape  of  aiincle  from 

(.4«-T'»  =  -032  sec.) 

Vs. 

ISo, 

270, 

990,  34-0 

new  point  with  response  of 

ISO,   ISO 

ventricle*  ;  standstiU  ;  -4-  F 
rhj-thm  with  reduced   P-R. 

11 

^-F  node. 

L.V.    125 

16i 

.is. 

55-5, 

36-0, 

36-5,  350 

Standstill         and         profound 

19-5,   19-5 

Vs. 

55-5, 

36^), 

36-5,  35-0 

slowing,  with  reduced  P-R. 

12 

A-V  node. 

L.V.      75 

IS 

.is. 

220, 

»  440 

,  32-5,  34-0,  34-0 

Profound       slowing.         Single 

18-5,   18-5 

Vs. 

2S-5, 

380 

,  32-5,  34-0,  340 

escape  of  auricle  from  new 
point  with  response  of 
ventricle.* 

Summary.  Stimulation  of  right  vagus  had  mucli  more  profound  efiecl  than  left  on  normal  rhj-thm  (left  produced  very  slight 
slowing  and  altered  conduction  inter%-al).  During  J.-!'  rlnthm,  right  vagus  produced  great  slowing  and  escape  of  S-A  rhjthm ; 
left  produced  less  slowing  and  escape  of  new  auricular  centre.  After  breaking  up  the  S--4  node  by  clamping,  both  R.  V.  and  L.  V, 
produced  profound  slowing  of  .4-F  rhythm,  the  right  nerve  more  especially  ;    both  produced  reduction  of  P-R  interval. 
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Table 

V.       (DOO    EK,    BOTH    VAGI    CUT.) 

Obs. 

Rhythm  and  rate 

before 

stimulation. 

Nerve  and 

length  of 

stimulation. 

Coil 
at 
cm. 

Effect. 

Remarks. 

1 

Normal. 

(P  .R=092  sec.) 
110,   110,   110 

R.V.   105 

22 

.48.  120,  130,  140,  14  0,  15  0,  15  5,  160,  16-5, 

Vs.    12-5,                        410,              30-5,              32-5, 
.4.^.  16  0,  14-5,  140,  13  5,  12-5 
Vs.    160,  14-5,  13-5,   13-5,  12-5 

Partial  heart  -  block,  and 
slowing  of  auricle. 

2 

Ectopic, 

(P.B  = -089  sec.) 

Pinvert. 

16-0,   160 

R.V.  130 

oo 

.4.?.    16-5,  16-5,  160,  160,  160,   16-0,   170,  17-0, 
r*.    16-5,              32-5,             320,              330, 
.4s.    160,  16-5,  170 
Vs.   33-0,  16-5,   170 

Partial  heart-block ;  little  or 
no  slowing  of  auricle. 

3 

Normal 

L.V.    140 

22 

Little  or  no  effect. 

4 

Normal, 

10-5,   10-,i,   10-5 

L.V.   110 

20 

-4.S.  12  0.  13  0.  13  0,  125,  13  0.  13  0.  130,  13  5, 

tV.    120.   i:j().               2.-)-5.                          3S-5, 
.4.S-.  140,  14  0,  13  5,  13  5,  13  0,  13  0,  120 
Vs.   27-5,             27-5,  13-5,  13-0,  130,  120 

Partial  heart  -  block  and 
slowing  of  auricle. 

5 

Ectopic, 
17-5,   17-5 

L.V.    145 

20 

.4«.    18-0,  210,  22-5,  240,  26-5,  29-0,  300,  31-5, 
Vs.    18-0,  21-0,  22-5,  240,  26-5,  290,  300,  31-5, 
As.  320 
Vs.   320 

Simple  slowing  with  slight 
prolongation  of  P-R  interval 

6 

Normal, 

110,   110,   110 

R.V.   115 

20 

As.  13-5,  140,  180,  21  5,  300,  275,  19  5.  16  0. 

Vs.                        47-0,                                   98-5,   16-0, 
-is.  15  0.  150.  15  0.  14  5.  14  0 

Vs.    150,   150,    15-0,    14-.1,   140 

Considerable  slowing  and 
partial  heart-block. 

7 

Ectopic, 
19o,  19-5 

R.V.  125 

20 

.4s.    19-5,  27-5,  28-0,  310,  36-5,  26-5 
Vs.    19-5,              580,                        91-5 

Considerable  heart-block  and 
slowing  of  auricle. 

8 

Normal, 

110,  no 

R.V.  215  + 

20 

.4s.  15  0.  13  5,  15  0,  15  5,  15  0,  180,  26  0,  240, 
Vs.              290,              30-0,                                   850, 
As.  26  0,  26  5.  20  0  + 

Slowing  of  auricle  and  con- 
siderable partial  heart-block. 

9 

Ectopic, 

190,  19-0,  190 

R.V.  190+ 

20 

As.    190,  190,  190,   18-5,   18-0,  18-0,  18-5,  18-5, 
Vs.    No  ventriculeir  contraction. 
.4s.    190,  18-5 

No  slowing  of  auricle ;  high 
grade  of  heart-block. 

10 

Normal. 
110,  110 

L.V.   195  + 

20 

-is.  11  5.  13  0.  13  0,  13  0,  13  5,  13  5,  14  0,  14  5, 

T's.    11-5,    130,   14-5,                                      5o-0, 
As.  140.  140,  140,  15  0,  145,  150,  &c. 
Vs.   27-5,              280,              29-5 

Slowing  of  auricle  and  partial 
heart-block. 

11 

Ectopic, 

16-5,   160,   160 

L.V.    190  + 

20 

.4s.    14-5,  17-5,  170,  17-5,  200,  23-0,       240,  24-5, 
Vs.    14-5,  17-5,  17-5,   18-0,  20-0,  230.r.  240,  24-5, 
.4s.   24-5,  250,  25-0 
Vs.    24-5,  250,  250 

Slowing  of  whole  heart  and 
prolonged  P-R. 

S-A 
12 

node  clamped 

A-V  node 

(P-P=024  sec.) 
190,   190,   190 

L.V.   150  + 

20 

.4s.    190,  46-5,     42-5,     420 
Vs.   190,  440,*  42-5,*  420* 

Profound  slowing ;  escape  of 
left  type  of  Us'  ;  (interval 
Fs-.4«=-076   sec). 

13 

A-V  node 

(P-P  =  -022  sec.) 
190,   190 

R.V.  190  + 

20 

As.   650,     860 
Vs.  62-5,*860* 

Profound  slowing ;  escape  of 
right  tj'pe  of  Vs*  ;  (interval 
Fs--4s  =  -074  sec). 

1- 

AV  node, 
180,   180 

R.V.  180  + 

21 

-4s.    o6-0.     59-0,      600 
t's.  540,*  59  0,*  60  0* 

Profound  slowing ;  escape  of 
right  t\-pe  of  Vs*  ;  ( Vs-As 
=  073  sec). 

•^5 

A-V  node, 
18-0,   18-0 

L.V.    180  + 

21 

.4s.    44-5,     40-5,     39-5.     400 
Vs.  42-5,*  405.*  39  5.*  400* 

Profound  slowing ;  escape  of 
left  t\-pe  of  Vs*  ;  {Vs-As  = 
•078  sec). 

16 

A-V  node, 
17-5,   17-5 

R.V.  205  + 

22     1  As.   180,  260,*  28-5,*  57-5,*  550  + 
I   Vs.    18-0,  280,     28-5,     57-5,     55-0  + 

Profound  slowing ;  escape  of 
new  auricular  centres.* 

17 

A-V  node, 
16-5,   16-5 

L.V.   190^ 

22 

As.    17-5,  19-0,  20-5,  23-0,  25-5,  28-5,  500  + 
Vs.    17-5,  190,  20-5,  230,  25-5,  28-5,  500  + 

Gradual  profound  slowing  of 
whole  heart  ;  slight  pro- 
longation of  P-R  interval. 

par 
ectc 
(on 
effe 

beir 

Summary.      During  the  5- 
tial  heart-block,  the  right  a 
)pic  focus  with  very  slight 

two  occasions  there  was   e 
ct  was  but  slight. 

After  clamping  the  S-A  n 
g  always  the  more  efiectiv 

-4  rhythm,  be 
gain  being  m 
reduction  of  i 
o    reaction    tc 

ode,  an   A-V 
e,  and  on  on 

th  ner 
are  effe 
°-Ptin 
>    the  r 

rhythn 
3  occas 

t'es  produced  slowing  of  auricle,    the    right    in    gre 
ctive.     .After  aboUshing  the  S-A  rhythm  by  cooUn 
le),  the  effect  of  right  and  left  nerves  on  the  new 
ight  nerve) ;    partial  heart-block  was  produced  by 

a  became  established.     Both   nerves   then   produced 
on  leading  to  escape  of  the  auiicle  from  other  foe 

ater    degree.     Both    produced 
Z  (production  of  rhythm  from 
centres  wtis  definite  but  slight 
the  right,  on  the  left  side  thia 

profound  slowing,  the  right 

1. 
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Table  VI.     (Dog  EM,  both  vagi  cut.) 


Rhjiihin  and  rate 

before 

stimulation. 


Nerve  and 

length  of 

stimulation. 


Coil 
at 
cm. 


Effect. 


Remabes. 


Normal 

(i'-fl  =  -087  sec.) 
7-5,   7-5,   7-5 


R.V.   190 


22 


As.  10  0,  23  0.  19  5.  22  0,  22  0.  27  0,  230 

Vs.    100,  230,   19-5,  220,  220,  270,  230 


Profound  slowing  ;    prolonged 
PR. 


A-V  node  {P-R  =  -02:i  sec.) 
100,   100,   100, 

(.4s-  Va  sees.) 


R.V.  210 


22 


As.   205-0  + 
Vs.   205-0+ 


Prolonged  standstill. 


Normal, 

7-5,  7-5,  7-5 


R.V.  195 


22 


.4s.  11  5,  37  5,  24  0,  25  0,  25  0,  21  5,  30  0 

Vs.    11-5,  37-.5,  24-0,  25-0,  25-0,  21-5,  300 


Profound  slowing  ; 
P-B. 


prolonged 


A-V  node, 

10-5,   10-5,   10-5 


R.V.  200 


22i 


.4s.   15-0,*  60-0,     100-0 
Vs.    16-5.     540t    100  Ot 


Normal, 
7-0 


L.V.    195 


22 


As.  80,    9-5,  9-0,  9  0,  9  5,  10  0,  10  0,  9  5,  9  5, 

Vs.  8-0.  100,  9-5,  9-0,  9-5,  10-0,   100,  9-5,  9-5, 

,4s.  100,*  100,*  9-5,*  9-5,*  9-5,*  9-5,*  9-5,* 

Vs.  10-0,     10-0,     9-5,     9-5,  19-0,   100, 

-4s.  9-5,*  9-5,*  9-5,*  9-5,* 
Vs.  18-5,  19-0 


Slowing  ;  escape  of  auricle 
from  new  focus*  ;  standstill ; 
escape  of  ventricle  t  auricle 
following  it. 

Slight  slowing  and  prolonged 
P-  R  interval ;  sudden  escape 
of  auricle  from  new  centre* 
(invert  P)  ;  further  heart- 
block. 


.4-F  node, 

10-5,   10-5.   10-5.   10-5 


L.V.    ISO 


.4s.  12-5,  14-0,*  12-5,*  12-5,*   12-5,*   130,*   13o,» 

Vs.  12-5,  150,     13-5,     12-5,     12-5,     130,     13-5, 

.4s.  13-5,*   13-5,*   140,*   14-0,*   14-0,*  14-5* 

Vs.  13-5,     13-5,     14-0,     14-0,     14-0,     14-5 


Slowing ;  escape  of  auricle 
from  new  point ;  P  seen  as 
inverted  complex  similar  to 
that  of  last  observation* ; 
P-R  prolonged. 


Normal, 

7-0,  7-0,  7-0 


L.V.    185 


22 


.4s.  7  0,  9  5.  9  5.  9  0,  9  0.  9  5.  9  5,  9  5,  9  5,  9  5, 

Vs.  7-0,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5, 

As.  9-5,  9-5.  9  5,  9-5.  9-5,  9  5.  9  5,  9  5,  9  5 

Vs.  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5,  9-5 


Very   slight   slowing   and  pro- 
longation of  P-R  interval. 


A-V  node. 

10-5,   10-5.   10-5 


L.V.    190 


22 


.4s.  11-5,  12-5,  14-5,  13-5,*   13-5,*  13-5,*  140,* 

Vs.  11-5.   12-5,   14-5,  150,     13-5,     13-5,     14-0, 

As.  14-0,*   140,*   14-0,*  14-5.*   14-5* 

Vs.  14-0,      14-0.      14-0,      14-5,      14-5 


Slowing  ;  sudden  escape  of 
auricle  ;  P  appears  inverted*; 
prolonged  P-R. 


Normal, 

7-0,   70,  70,   7-0 


L.V.      90 


21 


.4s.  70,  8  5,  9  0,  9  5,  9  0.  9  0.  8  5,  8  5.  9  5,  9  5. 

I's.  7-0.  S-5.  9-5,  9-.5,          18-0,          17-0.          19-0. 

.4s.  9  5.  9  5.  9  5.  9  5.  9  5.  9  5,  9  5.  9  5,  9  5,  9  5 

Vs.  190,          19-0.          19-0,          19-0,          190 


Very    slight    slowing ; 
heart-block. 


2:  1 


A.-V  node, 

100,   10-0,   10-0 


L.V.   185 


21 


As.  100,   140.  16-5.  150,*  13-0,*  17-0,^ 

Vs.  100,  140,   10-5.  16-5,     130,     170, 

-4s.  13-5,*   17-0,*  160,*  14-5,*  14-0* 

t>.  13-5.      17-0,      16-0,      14-5,      14-0 


160,' 
160, 


Slowing  ;  reduction  of  P-R  ; 
escape  of  auiicle  ;  P  appears 
inverted*  ;   P-  R.  prolonged. 


I         Summari/.     During  the  S-A  rhythm,  the  right  nerve  slowed  the  auricle  much  more  than  the  left ;    the  left  produced  a  greater 
(apparent  degree  of  heart-block. 

.\fter  abohshing  the  S-A  rhythm  by  cooling  both  nerves  produced  slowing  of  A-V  rhythm  (the  right  much  more  so  than  the  left 
and  leading  on  one  occasion  to  standstill).  WTien  the  left  nerve  was  stimulated,  the  impulses  seemed  to  spring  from  a  new  centre 
jOften  times  and  2  :  1  heart-block  often  developed. 
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Table  VII.     (Dog  EF.) 


Obs. 

Rhythm  and  rate 

before 

stimulation. 

Nerve  and 

length  of 
stimulation. 

Coil 
at 
cm. 

Effect. 

Reuasks. 

Rig 
2 

ht  Vagus  cut. 
Noimal 

(P-JB=091  sec.) 
8-5,  8-5,  8-5 

R.V.     89 

IG 

.4s.    100, 
Vs.     9-5, 
-4s.  27-5, 
Vs.     9-5, 
-4s.  110 
Vs.    110 

11-0,     9-5,  100,  100,  110, 
90,     9-5,     9-5,   100,   100,   10-5,   110, 
24  0,  15  0.  13  0,  12  5.  12  0,  11-5, 
14-5,     9-5,   140,   130,   12-5,  120,   11-5, 

Escape  of  ^-F  node  ;  slowing  ; 
reduced  P-  R  ;  suppression  of 
auricle  ;  ventricle  continuing ; 
return  of  S-A  beats ;  long 
PR  and  response  of 
\'entricle. 

3 

Normal, 
100,   100 

B.V.     70 

19 

.4s.  100, 
Vs.   100, 
As.   11-5, 
Vs.   11-5, 

130,  110,   110.  11-.5,   11-5,  120,   120, 
HO,   110,   110,  11-5,  11-5,   120.   ]2(>. 
11-5,  U-5,  11-5.  11-5,  10-5,  100,  100 
11-5,  11-5,   11-5,  11-5,   11-.3,   110.   100 

Slowing  ;  escape  of  .4  -  F  node  ; 
slowing  of  same  with  re- 
duced P-R;  return  of  S-A 
beats. 

4 

A-V  node, 

{P-R=029  sec  ) 
100,  10-0 

R.V.     105 

19 

.48.   10-0, 
Vs.   10-0, 
.4s.    10-5, 
Vs.    10-5, 
.4s.   10-5, 
Vs.   10-5, 

100,  10-0,  10-0,  100,   10-0,  10-0,  10-0, 
100,  100.  100,  100.  100,  100,   100, 
110,   11-0,   11  0,    110.   no,   lO-.i,   10-5, 

100,  110,  no,  110,  no,  lo-s,  io-5, 

10-5 
10-5 

Simple  delayed  slowing  (slight) 
with  reduced  P-R. 

Leit 

0 

Vague  cut. 
Normal, 

8-5,  8-5,  8-5 

L.V.     72 

19 

As.  8-5, 

Vs.   8-5, 
As.  10  0, 
Vs.   100, 

3  5,  8  5,  9  0.  10  0.  11  0,  11  0,  11-5.  11  0, 

i-5.  8-.5,  !)-o,  100.  no,  no,  11-5,  n-0, 

9  0.  9  0,  8  5.  8  5.  8  5 

y-0,  8-5,  S-5,  8-5,  S-5 

Simple     slowing     with     slight 
prolongation  of  P-R  interval. 

6 

A-V  node, 
10-0,   lO-O 

L.V.     90 

19 

As.   10-5, 
Vs.   10-5, 

As.   12-0, 
Vs.    120, 

10-5,  no,  no,  10-5,  ii-o,  no,  ii-s,  120 
10-5,  no,  no,  10-5,  no,  no,  n-s,  120 
120, 11-5,  no,  11-5,  no,  no,  no 
120, 11-5,  no,  11-5, 11-0,  no.  no 

Simple  slowing  (slight)  with 
reduced  P-R. 

Elect 
7 

rodes  Interchanged. 
Normal, 

9-5,  9-5,  9-5,  9-5 

L.V.   175  + 

16 

.4s.  9  5, 
1".^.   9-5, 
.4s.  14-5, 
Vs.    14-5, 

10  0,  10  0.  11  5.  12  0.  12  5,  13  0,  13  5. 

100.   100.   11-5.   120.   12-5,  130,  13-5, 
15  0.  15  0,  15  5.  16  0 

150,   15-0.    15-5,   16-0 

Simple  slowing  continuing 
tliroughout  stimulation. 

8 

A-V  node, 
11-5,   11-5 

L.V.   200+ 

16 

.48.    11-5, 
Vs.    11-5, 

.4s.    18-5, 
Vs.    18-5, 

11-5,   11-5,  12-5,   130,   140,  150,   160, 
11-5.  11-5,   12-5,   13-0,   140,   150,   160, 
20  5,  29  5,  270 
20o,  31-5,  270 

Slowing  ;  reduction  of  P-R  ; 
escape  of  S-A  node  during 
stimulation. 

9 

A-V  node, 

120,  120,   120 

L.V.   180+ 

16 

.4s.   12-0, 
Vs.    12  0 
.48.   160, 
Vs.    16-0 

12-5,  12-0,   13-5,  14-5,  16-0,  15-5,* 
12-5,   12-5,  13-5.   14-5,  160,  17-5, 
*   17-5,»  ISo,*  21-0* 
17-5,     18-5,     21-0 

Slowing,  with  reduced  P-R; 
escape  of  auricle  from  new 
focus  and  subsequent  slow- 
ing (F-i?= -08).* 

10 

Normal, 

100,   100,   100 

R.V.  190+ 

16 

.4s.  100 
Vs.   100 
As.   no 
Vs.   140 

120,   140,  12-5,  12-5,  12-5,  130,  13-5, 
120,  12-5,   12-5,   12-5,   12-5,  130,   13-5, 
150,   15-5,   16-5,   17o 
150,  15-5,  16-5,  17-5 

Slowing;  escape  of  .4- F  node 
and  subsequent  slowing  with 
reduction  of  P-  R. 

ll 

_ 

A-V  node, 
12-5,  12-5 

B.V.  190+ 

16 

.4s.    12-5 
Vs.    12-5 
As.    13-6 
Vs.    13-5 

12-5,  12-5,  12-5,  13-1,   12-6,   131,   131, 
12-5,  12-5,  12-5,  130,  12-5,  130,  130, 
141,  14-5,  150,  15-0,  160 
140,   14-5,   150,   150,   160 

Simple  slowing,  with  very 
slight  and  gradual  reduction 
of  interval  between  P  and  R 

Summary.  During  S-A  rhythm  the  right  nerve  had  more  eiJect  on  the  auricle  than  the  left,  and  led  to  escape  of  the  A-V 
lode.     No  such  escape  was  seen  on  stimulating  the  left  nerve,  even  when  the  coil  was  closer  up. 

During  A-V  rhythm,  the  left  nerve  had  more  effect  than  the  right  in  producing  slowing  and  led  to  escape  of  the  S-A  node; 
0  such  escape  was  seen  on  stimulating  the  right  nerve,  even  when  slowing  was  sufficient.  Both  nerves  gave  a  reduction  of  the 
?-R  interval. 
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Table  VIII.     (Dog  EJ,  both  vagi  citt.) 


Obs 

Rhythm  and  rate 

before 

stimulation. 

Nerve  and 

length  of 

stimulation. 

Coil 
at 
cm. 

Effect. 

B,EMJkHKa. 

1 

Normal 

(P-fi  =  -132  sec.) 
120,  12-5,  12-5 

R.V.     87 

20 

As.  24  0.  29  5   42  0,  20  0,  15-5,  16-5,  15-5,  15  0, 

Vs.   240,  29-5.  420,  200,   15-5,   16-5,   15-5,   150, 
As.  14  0.  13  5 
Vs.    140,   13-5 

Profound     slowing    of    whole 
heart. 

2 

Normal  (cooled), 
15-5,   15-5,   160 

R.V.  105 

20 

Vs.  16  0,  120  0,  27  0 

As.    160,   1200,  270 

Standstill  of  whole  heart. 

3 

Ectopic 

{P-R  =  -07i  sec.) 
160,   16-0,   160 

R.V.     90 

20 

As.  69  0,*  470,  28  0,  23  0,  20-5,  19-5,  190,  18  5 
Vs.  650,*  520,  280,  230,  20-5,  19-5,  190,  18-5 

Standstill  :  single  escape  of 
ventricle  and  S-A  node*  ; 
then  further  escape  of  S-A 
node. 

4 

Normal, 

13-5,   13-5,   13-5 

L.V.    110 

20 

.4s.  16  0,  16  0.  18  5.  210.  22  0,  23  0.  20  0,  17  5. 

Vs.    160,   10-0,   18-.5,  21-0,  22-0,  23-0,  20-0,  17-5, 
As.  16  5.  15-5 
Vs.    16-5,  15-5 

Slowing    of    whole    heart. 

5 

Ectopic, 

160,   160,   160 

L.V.   100 

20 

.4s.   16-5,  20  0.  35  0,  520,  26  0,  23  0 

Vs.  16o,  21-5.  350,  520.  260,  230 

Escape  of  S-.i  node  and 
profound  slowing. 

6 

Normal, 

14-0,   140,   140 

L.V.   330 

20 

As.  14  5,  15  0,  16  5,  19  0,  20-5,  225,  23-5,  25  0, 

Vs.    14-5,   150,  16-.5,   190.  20-.5,  22-5,  23-5,  250, 
As.  25  5.  26  0,  27  5.  28  0,  29  0.  28  5 

Vs.    25-5,  26-0,  27-5,  28-0,  29-0,  28-5 

Slowing     of     whole     heart 
(maintained). 

7 

Ectopic, 

160,   160,   160 

L.V.   280 

20 

As.   170,  200,  240,*  260,*  1550 
Vs.    170.  200,  22-5,*  260,*  1590 

Slowing ;  single  escape  of  A 
and  V  ;  two  escapes  of  new 
centre;  (*.4s-F8  =  0  sec); 
standstill;  escape  of  S-A  node. 

8 

Normal, 

13-5,   13-5,   13-5 

R.V.  280 

20 

As.  15  5.  16  5,  18  0,  20  5,  22  0,  23  5,  250,  25  5, 

Vs.    15-5.   16-5.  ISO,  20-5,  220,  23-5,  25-0,  25-5, 
As.  25  5,  25  5.  25  5,  26  0 
Vs.  25-5,  25-5,   25-5,  260 

Slowing  of  whole  heart. 

9 

Ectopic, 

160,   160,   160 

R.V.  275 

20 

-is.  19-5,  20-5,*  21-5,*  240,*  32-5,  400.  400. 
Vs.   19-5,   190,*  21-5,*  240,*  36-0,  400,  400, 
.4s.  40  5 
Vs.   40-5 

Slowing  ;  single  escape  of  A 
and  V  ;  three  escapes  of  new 
centre  (*.4s-F«  =  0);  further 
slowing,  and  escape  of  S-A 
node. 

10 

Normal, 

140.   140,   140 

L.V.  270 

20 

-4s.  14  5,  16  0,  170,  180.  21  5.  22  5.  24  5,  25  0, 
Vs.    14-5,  160,  170,   ISO.  21-5,  22-5,  24o,  250, 
As.                                         1200 
Vs.  7-5.*  90,  60.  70,  7-5,  7  5,  6  5,  7  5,  6  5,  8  0, 
7  0,  80.  320 

Slowing  of  whole  heart  ;  12 
rapid  beats  from  left 
ventricle*  ;  normal  rhythm 
resumed. 

11 

12 

13 

Ectopic, 

160,   160,   160 

L.V.    255 

20 

.4s.   17  0.  200.  215.  310,  33-5.  39  0.  40-5,  45  0 

Vs.    170,  210,  21-5.  31-0.  33-5,  39-0,  40-5,  45-0 

Slowing  ;  escape  of  S-A  node  ; 
further  slowing. 

Normal, 

140,   140,   140 

L.V.  270 

20 

.4s.  14-5,  170,  16  5,  17-5,  20  0,  24  5.  24  5,  24-5, 
Vs.    14-5,   170,   16-5,   17-5,  200,  24-5,  24-5,  24-5. 
As.                       515.                                 52  5 
Vs.  100.*  70.    6  0.  28-5,  90,*    75,  350,    90* 

Slowing  of  whole  heart ;  short 
runs  of  rapid  beats  from  left 
ventricIe*followed  by  normal 
beats. 

Ectopic, 

170,  170,   170 

L.V.   240 

20 

.4s.   17-0,  205.  21  0,  33-5.  36  0,  420,  44  5 

Vs.    17-0,  21-5.  21-0,  33-5,  360.  42-0,  44-5 

Slowing  and  escape  of  S-A 
node  ;  further  slowing. 

jffec 
righ 
3cca 
and 

Summary.     Both  v-agi  pro 
t.     During  the  A-V  rhyth 
t  produced  greater  slowing 
sions,  while  the  normal  rh 
;r  similar  circumstances  wl 

Juced    simple 
m,  right  and 
but  simply  b 
ythm  was  pre 
lile  A-V  rhytl 

slowLn 
left  nei 
ecause 
'Sent  St 
im  was 

g    while    k<'-.4    rhythm  was  present,    the   right   nen 
ve    produced    slowuig    and    almost    immediate    esc 
the  S-A  node  was  more   under  its  control  and  its 
imulation  of  the  left  vagus  gave  a  ventricular    tac 
present. 

•e   having   rather   the   greater 

ape    of    the    S-A    node.     The 

escape  was  slower.     On  two 

hycardia.     This  was  not  seen 
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EXPERIMENTAL  HEART-BLOCK  WITH  ATRIO- VENTRICULAR 

RHYTHM. 

By  JOHN  MEAKINS.* 

(Front    the    Cardiographic     Department,     University    College     Hospital 
Medical  School,   London.) 

The  observations  of  this  paper  were  undertaken  with  a  twofold  object  and 
at  the  suggestion  of  Dr.  Lewis,  who  has  kindly  aided  me  in  carrying  out 
the  work.  In  the  first  instance,  it  seemed  desirable  to  devise  a  simjjle 
method  of  producing  various  degrees  of  heart-block  without  permanently 
damaging  the  auriculo-ventricular  node  or  bundle,  a  method  which  could  be 
adopted  as  a  simple  laboratory  routine  ;  and  secondh',  to  observe  the  efTect 
of  bundle  lesions  upon  the  heart  while  beating  in  response  to  a  rhythm  from 
the  auriculo-ventricular  node. 

Method. 

All  the  experiments  were  carried  out  upon  dogs,  fully  ansesthetiscd  with 
morphia,  chloral  and  ether.  Artificial  respiration  was  performed  by  the  usual 
intermittent  inflation  of  the  lungs.  The  sternum  was  spht  longitudinally  and 
the  sides  of  the  chest  wall  were  drawn  apart,  the  pericardium  was  opened  and 
stitched  to  the  chest  wall.  Atrio-ventricular  rhythm  was  produced  by 
applying  cold  over  the  sulcus  terminalis,  as  described  in  an  accompanying 
communication  by  Lewis.  Inthepresent  series  of  experiments,  itwasnecessar}' 
to  cover  the  descending  portion  of  the  lead  tubing  with  rubber  in  order  to 
obviate  its  occasional  contact  with  the  metal  of  the  clamp  during  the  production 
of  heart-block.  In  order  to  obtain  varying  degrees  of  impaired  conduction 
through  the  auriculo-ventricular  bundle,  it  was  essential  that  this  structure 
should  not  be  severed.  For  this  purpose  a  special  heart-clamp  was  devised, 
and  was  constructed  for  us  by  Mayer  and  Meltzer  (Fig.  1).  The  arms  of  this 
clamp  arc  9  centimetres  long,  and  both  arc  curved  laterally,  so  as  to  form  an 
irregular  elliiise.  The  arm  A  has  a  curvature  of  0-7  centimetres  and  B  of  1-4 
centimetres.  Besides  this  the  blades  are  bent  backwards  at  an  obtuse  angle 
so  that  the  tips  are  0-8  centimetres  from  the  straight  line.  The  blade  of 
arm  A  should  begin  to  bend  1-5  centimetres  from  the  tij)  while  that  of  arm  B 
begins  shghtlj'  lower  or  about  1  centimetre  from  the  end.  The  opposing 
surfaces  of  the  blades  are  flattened  and  striated  transversely  with  twenty 
striae  to  the  centimetre.      The  whole  clamp  is  made  of  tempered  steel.     The 

'Aided  by  the  Graham  Research  Fund. 
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.1/  E  A  K  I  V  S 


arms  taper  slightly,  the  smallest  diameter  being  about  0-3  centimetres. 
The  blades  are  a  httle  less  than  1  centimetre  in  length  and  about  0-4 
centimetres  in  width.  The  arm  marked  A  is  inserted  into  the  left  carotid 
artery  a  few  centimetres  above  its  origin  and  passed  just  through  the  aortic 
valves  into  the  left  ventricle.  When  the  point  of  the  arm  is  at  the  aortic 
ring,  care  is  necessary  to  prevent  its  catching  in  a  segment  of  the  aortic  valve. 
Any  slight  bleeding  is  easily  controlled  by  a  ligature  tied  about  the  carotid. 
The  arm  marked  B  is  inserted  through  a  small  slit  in  the  tip  of  the  right 
auricle  and  tied  in  position  by  a  firm  ligature  ;  as  little  tissue  as  possible 
being  injured.  The  arms  being  in  place,  they  are  jointed  together  and  the 
clamp  as  a  whole  is  then  placed  in  position.  The  curves  of  the  clamp  are 
so  arranged  that  it  tends  naturally  to  take  the  correct  position.  Otherwise 
slight  adjustment  is  needed,  the  right  blade  being  felt  through  the  wall  of  the 
right  auricle   and   guided  into  position   during  stimulation  of   the  vagus. 


Fia.  1. 


The  arm  passing  down  the  carotid  should  be  palpable  through  the 
wall  at  the  base  of  the  aorta.  When  the  blades  are  gently  approxi- 
mated, that  in  the  right  auricle  should  be  palpable  ventraUy,  on  the 
line  of  junction  of  the  right  auricle  and  ventricle,  to  the  central  and  left 
side  of  the  coronarj^  sinus.  If  this  be  carefully  observed  the  pressure  surface 
of  the  right  blade,  when  pressed  home,  will  be  directed  dorsaUy  and  will 
be  in  apposition  with  the  base  of  the  septal  segment  of  the  tricuspid  valve. 
The  blade  in  the  left  ventricle  will  be  directed  ventraUy  and  will  be  dorsal 
to  the  right  dorsal  cusp  of  the  aortic  valve.  In  apph-ing  the  blades  too  far 
to  the  right,  there  is  danger  of  involving  the  region  of  the  coronar}'  sinus, 
although  this  has  not  occurred  in  any  of  the  present  experiments.  On  the 
other  hand,  by  applying  the  blades  too  far  to  the  left  the  bundle  may  be 
compressed  in  the  region  of  its  bifurcation.  Bundle  branch  lesions  were 
fretjuent  in  the  earUer  experiments,  but  for  later  experiments  the  curves 
of  the  blades  have  been  corrected  accordingly.  The  pressure  exerted  on  the 
bundle  can  be  most  easily  regulated  by  the  sense  of  touch.  In  fact,  by 
gently  regulating  the  degree  of  pressure,  defects  of  auriculo-ventricular 
bundle  conduction  may  be  obtained,  varjnng  from  a  lengthened  P-B  interval 
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to  complete  heart-block.  When  (.•oin])lete  heart-block  has  been  produced, 
through  firm  pressure,  tlie  normal  rhythm  may  return,  though  some  prolonga- 
tion of  Ihe  P-R  interval  may  remain.  If  the  pressure  be  very  firm  or 
maintained  long  enough,  ]iermanent  dissociation  results.  At  the  end  of  the 
present  experiments,  the  lieart  was  oi)ened  with  tlie  clamp  in  situ  and  its 
exact  point  of  apjilicalion  was  identified. 

Mrthods  of  observation. 

The  various  rhythms  and  changes  from  one  to  another  were  observed  and 
recorded  by  means  of  galvanometric  curves.  The  bod}'  current  was  led 
from  the  right  shoulder  and  the  left  groin  by  means  of  cop]icr  electrodes 
sutured  beneath  the  skin.  In  order  to  prevent  irregularities  of  the  eleetro- 
cardiograjihic  curves  through  the  application  of  the  fingers  to  the  clamp,  the 
handles  of  the  latter  were  covered  with  .solid  paraffin.  This  efiectually 
eliminuted  extraneous  currents  from  this  source. 

Description  of  records. 

In  each  experiment,  control  curves  were  first  taken  to  test  the  effect 
of  applying  cold  to  the  sulcus  terminalis.  In  the  successful  experiments, 
slowing  of  the  whole  heart  was  almost  immediately  followed  by  the  appearance 
of  A-V  rhythm.  The  action  of  the  auricle  and  ventricle  was  simultaneous, 
and  in  these  uncomplicated  curves,  the  P-B  interval  was  always  positive, 
varying  from  -009  to  -050  seconds.*  The  identification  of  P  during  the 
progress  of  A-V  rhythm  is  easy  as  a  rule,  after  a  careful  comparison  of  the 
electrocardiograms  with  those  of  the  preceding  rhythm,  for  the  beginning 
of  the  auricular  complex  lies  before  the  initial  deflection  of  the  ventricle 
(Fig.  •2). 

When  in  a  given  experiment  the  cliange  from  )S'-.4  rhythm  to  A-V 
rhythm  could  be  produced  regularly  and  at  will,  the  clamp  was  tightened 
and  the  desired  grade  of  heart-block  was  induced.  Curves  were  tlien  taken 
of  this  heart-block  and  the  change  to  A-V  rhj'thm  recorded  in  this  phase  of 
block.  In  Fig.  2  a  control  is  seen.  At  the  point  marked  by  an  asterisk 
S-A  rhythm  gives  place,  after  a  retardation  of  heart  rate,  to  ,4-1'  rliythm, 
the  PR  interval  shortens  from  -121  seconds  to  -028  seconds.  During  tlie 
A-V  rliythm  a  deflection  resembling  Q  appears  before  R.  This  is  in  reality 
tlie  beginning  of  an  invert  auricular  com)ilex.  Fig.  3  sliows  a  similar  change 
of  jiacemaker  in  the  same  animal.  2  :  1  heart-block  gives  place  to  1  :  1 
heart-block  with  prolongation  of  the  P-R  interval  soon  after  the  application 
of  cold.  This  change  is  the  simple  result  of  slowing  of  the  natural  ]iacemaker. 
But  after  three  successive  resjionses  of  the  ventricle,  the  pacemaker  clianges, 
the  P-i?  interval  falling  from  -211  to  122  seconds.  The  new  rliythm  lias  the 
same  starting  point  as  in  Fig.  2  but  as  a  result  of  the  bundle  compression  the 

*  Comparator  measurements. 
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P-R  interval  is  wider  (being  -122  seconds  instead  of  -028  seconds)  ;  it  is  in 
fact  as  wide  as  the  normal  P-i?  interval  for  this  animal  (122  and  121  seconds). 
The  actual  reduction  of  interval  at  the  change  of  pacemaker  is  approximately 
the  same  in  both  figures  (003  and  -OS!)  seconds,  respectively).  The  ])artial 
heart-block  lays  bare  the  auricular  complex  corresponding  to  a  beat  of  A-V 
nodal  origin.  Parallel  changes  are  seen  in  Fig.  4  where  .4-1'  rhythm  becomes 
established  during  a  period  of  2  :  1  block.  With  tlie  cliange  of  pacemaker 
there  is  no  change  either  in  the  direction  of  the  block  or  in  the  degree  of 
block  :  nevertheless  the  alternate  auricular  systole  which  yields  a  contraction 
of  the  ventricle  lies  nearer  to  the  ventricular  systole  during  .4-1',  as  opposed 
to  S-A,  rhythm.  The  change  is  from  -16.5  to  073  seconds  ;  the  reduction 
is  again  approximately  tlie  same.  It  has  been  considered  important  to 
record  transitions  such  as  these,  so  that  by  a  comparison  of  carefully  measured 
intervals  before  and  after  the  change,  auricular  contractions  of  .4-T'  nodal 
origin  might  be  identified  with  certainty.  A  comparison,  too,  of  such 
curves  as  those  sliown  in  Fig.  2,  3  and  4,  shows  that  the  pacemaker 
has  moved  to  the  same  focus  in  each  instance.  In  each  case  the  ectopic 
beats  are  represented  by  a  complex  which  starts  in  the  downward 
direction. 

The  auricular  complex  of  A-V  nodal  rliythm  may  also  be  displayed 
fully  and  with  surety,  by  a  different  procedure.  If  after  the  establishment 
of  A-V  rhythm  the  clamp  is  gradually  tightened,  or  if  a  small  aiuount  of 
pressure  is  maintained  (Fig.  5),  s}'nchronous  contraction  of  auricle  and 
ventricle  is  gradually  lost  ;  the  P-i?  interval  increases  steadily  until 
ventricular  beats  are  dropped.  An  additional  series  of  curves  is  published 
in  Fig.  6,  7  and  8  ;  each  series  being  from  a  distinct  animal.  Fig.  0  is  the 
control,  demonstrating  the  development  of  .4-T'  rhythm  at  the  application 
of  cold.  Fig.  7  shows  the  same  change  of  pacemaker  w  hile  partial  heart-block 
prevails.  At  the  beginning  of  the  curve  occasional  ventricular  responses 
are  missed  and  the  P-B  interval  varies  according  to  the  length  of  the  preceding 
pause,  as  is  usual.  The  same  changes  are  seen  during  the  progress  of  the 
A-V  rhythm,  though  the  P-P  intervals  are  here  shorter.  If  Fig.  6  and  7 
are  compared,  it  will  be  evident  that  the  same  ectopic  pacemaker  has 
established  itself  in  each,  though  in  Fig.  6  only  the  initial  phases  of  the 
auricular  deflections  are  visible.  Fig.  8  is  an  example  of  the  development  of 
block,  as  a  result  of  applying  the  clamp  during  .4-1'  rhytlim,  in  the  same 
animal.  The  last  illustration  (Fig.  0)  shows  complete  dis.sociation  and 
auricular  contractions  of  .4-1'  nodal  origin  in  a  different  animal. 

Disaission. 

The  purpose  of  these  experiments  was  twofold  ;  first,  to  ascertain  the 
form  of  tlie  auricular  electric  complex  during  .4-1'  rhythm  ;  and  second, 
to  prove  bej'ond  dispute  the  origin  of  the  ^4-T'  rhythm  above  the  main 
division  of  the  .4-1'  bundle. 
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The  shape  of  the  auricular  complex  when  the  auricle  and  ventricle  are 
beating  synchronously  in  response  to  what  is  known  as  the  A-V  rhj^thm.  is 
variable.  As  a  general  rule  (eight  out  of  nine  experiments),  the  complex 
starts  in  a  downward  deflection  ;  often  the  whole  complex  consists  of  a 
depression  upon  which  one  or  more  minute  secondary  deflections  are  seen 
(Fig.  2  and  0).  In  other  experiments  the  complex  is  polyphasic  (Fig.  7  and  S) 
consistmg  of  one  or  more  small  upward  deflections  and  these  being  followed 
by  a  more  or  less  conspicuous  downward  phase.  In  a  number  of  instances 
these,  the  first  and  main  deflections,  are  followed  by  a  broad  deflection, 
comparable  to  T  in  the  ventricular  complex  (called  by  Hering  Ta). 

In  electrocardiogra])hic  curves,  which  show  the  change  from  an  S-A 
rhythm  to  an  A-Y  rhythm,  the  t^^pe  of  ventricular  complex  is  always 
maintained.  The  new  focus,  like  the  natural  pacemaker,  is  responsible  for 
su))ra\'entricular  impulses.  We  may  conclude  from  the  shape  of  these 
ventricular  curves  that  A-Y  rhythm  arises  above  the  main  division  of  the 
bundle.  This  conclusion  is  fully  confirmed  by  the  present  experiments, 
in  which  by  pressing  upon  the  main  stem  of  the  ^-T'  bundle,*  all  the  usual 
grades  of  block  have  been  produced  between  auricle  and  ventricle  ;  the 
auricular  rhythm  reinaining  undisturbed.  The  seat  of  impulse  formation 
was  in  each  case  at  a  higher  level  than  the  point  of  compression.  The 
ob.servations  afford  an  additional  evidence  that  synchronous  action  of  auricle 
and  ventricle  is  due  to  rhythmic  discharges  from  the  tissue  termed  the 
auriculo-ventricular  node. 

Conclusions. 

1.  Wlien  the  auricle  and  ventricle  beat  synchronously  or  almost 
synchronously,  as  a  result  of  cooling  of  the  sino-auricular  node,  the  new 
rhythm  has  its  origin  some  distance  above  the  division  of  the  main 
stem  of  the  auriculo-ventricular  bundle.  For  compression  of  the  bundle 
in  these  circumstances  leads  to  auriculo-ventricular  heart-block  of  for^\  ard 
type  and  in  all  its  usual  grades. 

2.  By  producing  forward  heart-block  the  auricular  complex,  corre- 
sponding to  -4- r  rhythm,  may  be  dissociated  from  the  ventricular,  and  its 
outline  ma^-  then  be  studied.  As  a  rule  the  main  deflection  is  downwards 
in  the  electrocardiogram. 


*  It  'i'*s  not  lieen  considered  necessarj-  to  examine  the  heart  histologically,  the  landmarks 
of  the  course  of  the  bundle  in  tlie  dog  are  so" clear.  The  compression  was  applied  raidwav  between 
eorouarj-  sinus  and  the  ventral  edge  of  the  septal  segment  of  the  tricuspid  valve. 
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Fig.  2,  3,  4  and  5.  A  series  of  plpetrnparflinsrams  (lead  //)  from  n  single  animal.  Fi^.  2. 
Control  curvp,  showing  S-A  rhythm  and  its  change  to  A-  V  rhytlim  upon  applying  cold  to  the 
sulcus  terminalis.  Fig.  3.  Showing  the  change  from  S-A  rhythm  to  A-V  rhythm  with  the 
P-R  interval  originally  prolonged.  Fig.  4.  Similar  change  during  2  :  1  heart -block. 
Fig.  5.  Showing  the  effect  of  compressing  the  A-V  bundle  upon  ,4  1'  rhythm  :  the  P-R 
interval  becomes  prolonged  and  the  ventricle  fails  to  respond.  Ahsciss.'p  =  -2  seconds  ; 
ordinates  =  10"'  volts.     The  PR  intervals  are  expressed  in  seconds. 

Fig.  0,  7  and  8.  A  series  of  electrocardiograms  (lead  7  7)  from  a  single  animal.  Fig.  fi.  Control 
curve,  showing  the  change  from  S-A  rhythm  to  .4-1'  rhythm  upon  applying  cold.  Fig.  7. 
The  same  change  of  pacemaker  during  partial  heart-block.  Fig.  8.  The  effect  of 
compressing  the  A  -  V  bundle  ii]inn  .4  -  T'  rhythm.     Abscissre,  ordinates  and  intervals  as  above. 

Fig.  n.  An  electrocardiogram  (lead  77)  from  a  dog,  showing  auricular  contractions  of  A-  V 
nodal  origin,  and  complete  dissociation. 


Fig.  2. 
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THE    SUSCEPTIBLE    KECIOX    IX    .1-7    CONDUCTION. 
15v  THOMAS  LEWIS,*  PAUL  D.  WHITE  .\nd  .JOHN  MEAKINS. 

{Caidio<jniphic   Department,    Universiti/    Colleye   Hospilid    Medical   School, 

London.) 

1  r  liiis  been  establislied  that  auiiculo-viMUiitiilar  luart-hhx'k  may  be  produced 
1)V  diroft  intiTicrcnce  with  the  main  tract  of  imiseiilar  or  neuro-muscular 
tissue  which  unites  the  auricles  and  the  ventricles.  \\'hen  the  bundle  is  cut 
or  compressed  and  the  ventricle  then  fails  to  respond  in  normal  fashion  to 
the  auricular  discharges,  we  see  clearly  cause  and  effect.  According  to  our 
modern  coneeiJtions  the  path  through  which  impulses  spread  from  auricle 
to  ventricle  is  damaged  or  broken,  and  the  passage  is  prevented.  In  this 
form  of  experimental  heart-ljlock  we  have  a  perfect  parallel  to  those  clinical 
cases  of  heart-block  in  which  circumscribed  lesions  are  found  in  the  same 
tract.  Clinical  heart-block  of  this  form  has  a  clear  anatomical  cause 
underlying  it. 

But  there  are  forms  of  altered  conduction,  to  use  this  term  in  its  broadest 
sense,  in  ulii'li  mir  knowledge  is  neither  so  sufficient  nor  so  satisfying. 
Changes  in  conduction  occur  in  a  variety  of  circumstances  ;  Ijoth  as  a  result 
of  visil)lc  injury  of  the  auriculo-ventricular  bundle,  and  with  more  subtle 
infiuenees.  Thus  tlie  rate  of  conduction  is  changed  physiologically  in 
e.xercise  and  w  ith  altered  heart  rate  ;  it  is  changed  from  cycle  to  cycle  when 
e.vtrasystoles  are  forced  from  the  auricle.  Heart-ljlock  appears  upon 
stimulation  of  the  vagi.  It  is  caused  by  the  products  of  asphyxia  and  by 
a  variety  of  ])oisons  injected  into  the  circulating  blood. 

Many  cjuestions  of  importance,  both  from  the  theoretical  and  practical 
standpoints,  arise  from  these  observations.  At  the  present  time  we  shall 
confine  ourselves  to  one,  and  shall  incpiire  if  we  have  any  knowledge  pointing 
to  the  si)ecial  susceptibility  of  a  given  region  of  the  heart  in  respect  of  the 
conduction  changes  considered. 

Evidently,  a  failure  of  the  ventricle  to  resjjond  to  auricular  impulses 
may  be  explaineil  in  a  variety  of  ways  ;  the  deficiency  may  lie  in  the  auricle 
w  iiicli  fails  to  supi)ly  an  adetpiate  impulse  ;  it  may  be  inherent  in  the 
jmutional  tissues  and  in  any  part  of  them  ;  it  may  be  in  the  ventricles,  it 
being  sujjposed  that  they  lack  the  power  or  intermediate  means  of  response. 
Similar  exi)lanations  may  be  applied,  with  certain  qualifications,  to  simple 
retardation  of  conduction.     Our  inquiry  is  primarily  one  of  localisation. 

•  Aided  bj  grants  iruiu  the  Royal  Society  and  Graham  Research  Fund. 
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We  possess  certain  preliminary  evidences.  Kiuia  tlie  iuur])lu)lugicai 
standiDoint,  the  junctional  tissues  are  first  suspect ;  for,  as  Gaskell  states, 
those  tissues  which  are  most  capable  of  rhythmic  impulse  formation  are 
apparently  slowest  in  conducting  the  contraction  \\ave,  and  in  the  frog  and 
tortoise  the  A-V  ring  is  most  susceptible  ;  here  there  is  a  natural  line  of 
block.  It  is  to  the  homologues  of  this  ring  that  we  naturally  turn  in  the 
first  instance. 

When  we  consider  the  mammahan  heart  our  chief  evidence  lies  in  the 
character  of  the  excitation  process,  portrayed  by  the  galvanometer.  The 
normal  ventricular  electrocardiogram,  or  ventricular  complex,  consists  of 
a  number  of  jjhases  and,  according  to  our  present  concejitions,  the  curve  as  a 
whole  exjDresses  an  excitation  process  which  starts  and  travels  in  a  constant 
fashion.  The  normal  comjilex  is  determined  by  the  response  of  the  ventricle 
to  impulses  Mhich  descend  through  well-defined  channels  ;  it  is  the  result  of  a 
supraventricular  impulse,  meaning  by  this  term  an  impulse  arising  above 
the  level  of  the  main  division  of  the  auriculo-ventricular  bundle. 

Now  it  is  the  rule  that  in  heart-block  of  vagal  origin  the  ventricular 
complex  remains  unchanged  in  quality,  though  with  the  altered  rate,  it  may 
be  changed  cjuantitively.  It  appears  to  us  in  the  highest  degree 
improbable  that  the  ventricular  complex  could  thus  generally  maintain 
its  broad  outline,  if  the  susceptible  region  lay  below  the  level  of  the  chief 
bundle  division  ;  for  were  the  obstruction  at  a  low  level  two  or  more  points 
of  depression  and  a  simultaneous  and  ecpuil  dej^ression  of  function  in  each 
would  of  necessity  be  postulated.  Tlie  same  argument  may  be  api)lied  to 
other  forms  of  block  ;  a  fortiori  it  may  be  apjilied  to  those  in  which  com2)lete 
block  supervenes. 

The  maintenance*  of  the  physiological  ventricular  complex  in  asjjhyxia, 
(complete  heart-block)  in  adrenalin  poisoning  (complete),-  in  poisoning 
with  strophanthine  (partial),  digitalis  (i)artial  and  comj)lcte)  (personal 
observations)  and  in  anaphylaxis^  (complete)  is  of  significances  to  our 
minds  and  points  to  a  region  of  the  heart  above  the  division  of  the 
bundle  as  the  seat  of  the  defect. 

Observations. 

Oiu'  observations  were  undertaken  ujjon  cats,  fully  ansesthetised  with 
urethanc  and  ether  ;  in  all  of  the  experiments  the  animals  were  decapitated, 
and  the  vagi  were  divided. 

We  were  led  to  make  the  experiments  described  l)y  previous  experiments 
upon  the  effect  of  the  vagus  on  A-V  rhythm,  already  reported  by  one  of  us 
(this  Journal,  page  247)  ;  for  it  appeared  from  these  experiments  that  the 
effect  of  vagal  stimulation  upon  the  sequence  of  chamber  contraction  is 
essentially  different  while  S-A  rhythm  on  the  one  hand,  and  A-V  rhythm 

*  We  sliould  say  perliaps  usual  maintenance,  for  in  some  uf  tlie  states  cited,  the  normal  form 
maj-  be  lost  from  time  to  time  or  experiment  to  experiment.  But  this  fact  does  not  detract 
from  the  force  of  oiu-  argmnent ;  the  alteratiou  is  attributable  to  a  later  and  less  constant  effect 
on  the  brauches  of  the  junctional  system. 
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ou  the  utlier,  predomiiiatus.  W'heu  vagal  impulses  allect  the  lieuit  buatiiig 
in  response  to  an  »S'-^4  rhythm,  the  usual  or  forward  type  of  heart-block  is 
alone  seen.  When,  on  the  other  hand,  an  .4-1'  rhythm  is  estalilished, 
vagal  stimulation  produces  reversed  block,  tliat  is  to  say  the  auricle  lags 
and  may  fail  to  respond,  while  the  ventricle  is  apparently  unaffected  in  this 
respect.  It  seemed  from  these  observations  that  the  chief  seat  of  changed 
conduction  Ues,  during  vagal  stimulation,  in  the  A-V  node  and  predominately 
to  the  auricular  side  of  the  impulse  source.  A  separate  series  of  experiments* 
upon  extrasystoles  carried  out  by  two  of  us  (Lewis  and  White)  has  led  us 
to  a  similar  conclusion  in  regard  to  the  changes  of  conduction  which  occur 
as  accompaniments  of  this  form  of  cardiac  disturbance.  The  view  that  the 
A-V  node  or  immediately  neighbouring  tissue  forms  a  susceptible  point, 
so  far  as  changes  of  conduction  are  concerned,  appealed  to  us  and  we  have 
sought  and  found  strongl}-  confirmatory  evidence  in  the  effects  of  asphyxia. 
Our  procedure  has  been  constant  in  each  series  of  experiments.  We  produce 
changes  in  conduction  by  some  form  of  interference  and  test  the  effect  of 
dislocating  the  pacemaker  from  S-A  to  A-V  node  upon  these  changes  of 
conduction.  We  anticijiated  that  should  the  susceptible  point  be  the  same 
for  vagal  stimulation  and  for  as])iiyxia  «e  should  obtain  with  the  latter, 
not  the  ordinary  effect  of  forward  block,  but  reversed  block.  This  antici^ja- 
tion  has  been  fulfilled.  The  curves  of  asphyxia  in  cats  need  little  description, 
they  have  been  fully  illustrated  by  Lewis  and  Mathison.^  The  curves  of 
simple  asphyxia  in  the  present  series  were  similar  in  every  respect.  After 
one  or  a  few  minutes  of  asphyxia,  prolongation  of  the  P-i?  interval  is  seen  and 
is  quickly  complicated  by  missed  ventricular  responses  ;  eventually  auricular 
and  ventricular  rhythms  become  completely  dissociated. 

In  producing  A-V  rhythm  we  have  utilised  cold  applied  to  the  sulcus 
terminalis  and  have  taken  repeated  control  curves  during  the  course  of  an 
experiment,  to  ascertain  the  constancy  of  the  reaction  of  the  natural  pace- 
maker to  cooling.  In  these  curves  cooling  is  followed  by  slow  ing  and  by  an 
abrupt  change  of  mechanism,  from  the  usual  sequence  to  simultaneous 
beating  in  which  the  auricle  slightly  precedes  the  ventricle  (Fig.  2a). 

If,  in  the  cat,  A-V  rhythm  is  established  and  maintained,  the  effects 
of  asphyxia  are  as  follows :  In  the  initial  stages  of  asphyxia  the  auricle 
usually  beats  immediately  before  the  ventricle  and  the  P-R  interval  is 
conspicuously  curtailed.  As  asphyxia  proceeds,  the  auricular  and  ventricular 
systoles  become  quite  synchronous,  so  that  P  is  lost  in  R  (Fig.  26,  last  cycle) ; 
after  a  little  while  P  creeps  out  upon  the  far  side  of  R  and  an  R-P  interval 
is  developed  (Fig.  3  and  1  a,  b,  c).  This  R-P  interval  gradually  increases 
(Fig.  1  a,  b,  r,  4  b,  and  5)  and  eventually  the  auricle  fails  constantly  to  respond. 
A  condition  is  now  established  for  a  short  while  in  which  the  auricle  beats 
at  exactly  half  the  rate  of  the  ventricle  (Fig.  I  (/  and  5),  and  this  condition 
may  be  identified  readily  by  simple  inspection  of  the  heart.     Finally  and 


*  Subsequently  to  be  reported. 
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abruiitl}-.  all  signs  of  auricular  contractiuiis  disappear,  IxjUi  from  tlie  curves 
and  upon  inspection  of  the  heart;  yet  at  the  change  there  is  no  alteration 
of  \cntricular  rate. 

We  have  also  made  a  numl)er  of  observations  in  which  the  origin  of 
the  iin])ulses  was  changed  at  a  given  phase  of  heart-block.  The  transitions 
vary  according  to  circumstance.     .Speaking  generally  they  are  as  follows: 

1.  If  the  cold  is  api)lied  before  the  develoi)ment  of  a  long  P-R  interval, 
then  simi)le  A-V  rhythm  becomes  established  (Fig.  2m),  having  the  same 
time  relations  as  in  the  controls. 

2.  If  it  is  ajjphed  while  the  P- Ii  interval  is  prolonged,  then  the  action  of 
auricle  and  ventricle  becomes  simultaneous,  or  P  follows  B  (Fig.  4m). 

.'i.  If  a])plied  in  the  early  stage  of  forward  2  :  1  block,  then  a  long  li-P 
interval  is  show  n,  but  the  auricle  responds  at  each  cycle. 

4.  If  at  a  later  stage,  2  :  1  reversed  block  is  seen. 

5.  If  applied  during  the  final  stage  of  complete  dissociation,  then  the 
ventricular  rate  remains  practically  unaltered,  but  the  auricle  ceases  to  beat. 

If,  in  simple  asphyxia  and  after  the  development  of  a  given  grade  of 
forward  block,  ventilation  is  re-established,  generally  speaking  the  heart 
recovers  ;  it  recovers  gradually  and  shows  the  same  grades  of  heart-block  as 
during  the  induction  stage,  but  in  the  reverse  order.  The  same  statement 
applies  to  the  reversed  block  of  asphyxia  while  the  heart  beats  from  the 
A-V  node.  Again,  if  the  cold  is  withdrawn  at  any  stage  of  an  observation, 
the  corresponding  grade  of  forward  block  is  quickly  established.  Thus, 
in  Fig.  C,  the  first  portion  of  the  curve  show  s  ventricular  cycles  only  :  the 
auricle  has  ceased  to  beat.  The  cold  being  withdrawn  the  normal  auricular 
contractions  return  and  complete  dissociation  is  seen  to  be  established. 

Our  chief  observation  is  the  contrast  between  the  reaction  of  the  heart 
to  asphj'xia  A\lien  S-A  rhytlim  and  A-V  rhythm  prevail.  In  the  first, 
forward  heart-block  develops;  in  the  last,  reversed  block.  The  degrees  of 
block  in  one  or  other  circumstance  are  not  very  dissimilar  ;  though  it  may  be 
said  that  they  are  of  a  lesser  order  at  a  given  time  after  the  onset  of  asphj'xia 
if  A-V  rhythm  prevails.  Thus  2  :  1  forward  block  gives  place  to  a  long  R-P 
interval  at  the  transition  from  one  mechanism  to  the  other  in  most  instances. 
This  is  due  in  part  at  least  to  the  relatively  lower  rates  of  impulse  formation 
in  the  A-V  node.  The  S-A  node  is  depressed  in  the  simple  asphyxia  at  or 
almost  at  the  time  when  block  develops;  the  A-V  node  reacts  to  asphyxia 
in  similar  fashion. 

The  disappearance  of  the  auricular  responses  to  an  A-V  rhythm  at  a 
late  stage  of  asphyxia  is  readily  explained.  It  occurs  at  the  stage  of  complete 
block,  and  the  impulses  fail  to  reach  the  auricle.  The  auricle  is  robbed  of  the 
S-A  impulses  by  the  application  of  ice-cold  water  to  this  node^     It  is  guarded 
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from  the  .4-1'  imimlsos  by  tlif  block  indiRi-d  by  asphyxia.  Cut  from  its 
two  chief  sources  ot  impulses  it  remains  absolutely  quiescent.  It  is  necessary 
for  us  to  state  that  our  observations  allow  us  to  draw  this  last  conclusion 
for  the  asphyxial  state  only.  We  know  that  both  S-A  and  A-  V  rhythms  arc 
depressed  by  continued  asphyxia,  and  it  may  be  that  hypothetical  centres  in 
other  itarts  of  the  auricle  might  suffer  similarly  or  in  greater  degree  :  so  that 
although  they  do  not  become  automatic  in  asphyxia  when  *'- J  and  .1- 1'  nodes 
are  thrown  out  of  action,  they  might  yield  auricular  responses  under  more 
normal  conditions  of  nutrition. 

Our  observations  hi  a  measure  affect  the  conclusions  to  be  diawn 
from  V.  Angyan's^  observations,  made  some  while  since  in  this 
laboratory,  v.  Angyan  used  the  complete  heart-block  of  a.sphyxia  to  test 
the  effect  of  vagal  stimulation  upon  the  idioventricular  rhythm.  In  the 
light  of  our  i)resent  results,  we  now  know  that  what  has  been  ternictl  idio- 
ventricular rhythm  for  the  nuunnialian  heart  in  the  past,  namely,  the  rh\thm 
which  governs  the  dissociated  ventricle,  may  arise  in  the  A-V  node.*  A 
rhythm  of  this  kind  springs  from  a  different  centre  than  that  \\hich  develops 
automaticity  when  the  .1-1"  bundle  is  cut  ov  compressed.  \\hcn.4-F 
rhythm  is  maintained  and  heart-block  is  developed  as  a  result  of 
asphyxiation  the  auricle  alone  shows  abrupt  changes  of  rate.  The  fall  of 
rate  in  the  ventricle  is  steady  and  jjrogressive  untU  after  the  establishment 
of  complete  block  and  at  the  time  of  its  estabUshment  shows  no  further 
alteration.  The  rhythm  controlling  the  ventricle  is  propagated  therefore 
from  one  centre  throughout.  The  same  statement  applies  to  the  ventricular 
rhythm  when  there  is  a  change  from  A-V  to  S-A  rhythm  or  vice  versa, 
during  the  complete  beart-block  stage  (Fig.  6).  The  A-V  node  controls  the 
ventricle  therefore  in  the  complete  heart-block  of  asphyxia.  v.  Angyan's 
results  are  in  reality  the  residts  of  vagal  stimulation  upon  A-  V  nodal  impulses  ; 
therefore,  they  arc  not  strictly  coinj)arable  to  the  similar  observations  of 
Hcring  and  Erlanger  who  dealt  with  dissociation  at  a  lower  level  of  the  heart. 

In  the  late  stage  of  simple  asphyxia  in  cats,  namely  after  the  api)earance 
of  complete  dissociation,  the  auricular  contractions  almost  always  disajipear  ; 
the  change  is  abrupt  and  does  not  affect  the  rhythm  or  rate  of  ventricular 
contraction.  When  this  happens  the  heart  «iU  not  recover  although 
re-oxygenated.  The  explanation  of  this  phenomenon  is  not  difficult. 
It  is  due  to  abrupt  termination  of  the  function  of  the*S'-.-l  node,  the  A-V 
node  continuing  to  control  the  ventricle.  Tliis  change  would  account 
fully  for  the  end  curves  of  simple  asphyxia  in  the  cat  and  incidentally  for 
certain  of  the  curves  of  the  dying  human  heart  pubhshed  by  Robinson.^ 


*  It  is  proljably  as  a  result  of  a  high  le\-el  block  that  the  greater  rate  of  the  ventricle  in 
complete  heart-block  induced  in  the  human  subject  by  digitalis  or  its  allies  is  due.  We  have 
attempted  to  test  the  level  of  block  in  strophanthine  poisoning  in  cats,  using  repeated  injections 
of  1 ,800  grain.  But  it  has  not  been  foiuid  possible  owing  to  the  extraordinary  reaction  of  the  iS'-.4 
node  to  this  drug.  After  the  injections,  and  at  a  stage  when  heart-block  was  present,  wc  have 
found  ropeatedly  that  cold  has  little  or  no  effect  on  the  5-.-1  node. 
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Conclusions. 

1.  While  asphyxia  produces  a  gradually  increasing  forward  heart-block 
in  llic  cat"s  heart  beating  from  the  S-A  node,  it  produces  a  gradually  increasing 
reversed  heart-block  when  the  heart  chambers  respond  to  the  A-V  node. 
From  this  we  may  conclude  that  in  asphyxia  the  susceptible  region  in  respect 
of  changed  conduction  is  the  A-V  node  itself  or  tissues  in  its  immediate 
vicinity.  The  main  defect  is  in  a  portion  of  the  junctional  system  lying  at  a 
higher  level  (nearer  the  auricle)  than  the  actual  seat  of  impulse  discharge 
in  .4-1'  rhythm.  This  conclusion  applies,  in  the  cat,  to  rhythms  in  which 
the  P-Ii  interval  is  reduced  to  a  small  fraction  of  its  original  value.* 

2.  Considering  the  results  of  the  experiment's  here  reported,  and  of 
similar exi)eriments  upon  the  effects  of  vagal  stimulation  and  of  extras^stolesf 
upon  conduction  in  S-A  and  A-V  rhythms,  \\e  are  of  opinion  that  the  .4-1' 
node  or  tissue  in  its  immediate  vicinity  is  the  most  susceptible  tissue  in 
respect  of  changes  in  A-V  conduction, 

3.  In  the  cat,  so  asphyxiated  that  there  is  a  complete  functional  break 
between  A-V  node  and  auricle,  the  ajiplication  of  cold  to  the  iS-A  node 
brings  about  standstill  of  the  whole  of  the  auricular  tissue. 

4.  The  effects  of  vagal  stimulation  in  the  autonuitic  ventricle,  as 
reported  ijy  v,  Angyan,  are  regarded  as  the  effects  of  vagal  stimulation  upon 
the  A-V  rhythm,  for  in  the  complete  block  of  asphyxia  the  dissociated 
ventricle  is  controlled  by  the  A-V  node. 

5.  When  at  the  end  of  a  simple  asphyxia  of  the  eat  the  auricular 
contractions  disapju-ar  abruptly  during  the  stage  of  complete  .4- F  dissociation, 
this  change  is  attributable  to  depression  of  the  i)acemaker,  the  A-V 
node  continuing  to  control  the  movements  of  the  ventricle. 

'  V,  Angvan.     Aichiw  f.  d.  ges.  Physiol.,  rjl2,  LXLix,   175. 

-  Kahn.     Artliiv.   f.   d.  ges,   I'hysiul,,   I'JO'J,  ixxix,  olii. 

•"  Liiuis  AM)   JlAiHisoN.     Heart,    UlllMl,  u,   47. 

*  KuBiJisoN.     Juuiu.   ul  L-.-spt-r,  Med,,   I'Jll',  x\  i,   2'Jl   (Kig.   i). 
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uot  seeu  slight  reduction  of  the  F-li  interval,  the  reduction  has  always  beeu  conspicuous, 
f  ULscrx atious  reported  in  an  aecompauy ing  paper  and  in  a  paper  to  appear  shortly. 
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THE     GENESIS     OF     VEXTRICULAH     EXTRASYST0LE8     UNDER 

CHLURUEORM;    WITH  SPECIAL    REFERENCE   TO   CONSECUTIVE 

VENTRICULAR    FIBRILLATION. 

By  a.  GOODMAN  LEVY. 

{from    the    Research     Deixirtment    of   the    Medical    School,     University 

College    Hospitul.)* 

Introduction  and  preliminary  considerations. 

This  paper  embodies  an  accuuiit  of  experiments  originally  undertaken  to 
investigate  a  theory  that  was  briefly  suggested  in  a  preliminary  communica- 
tion to  the  Physiological  Society  in  January,  1911,  namely,  that  ventricular 
HbriJlatiun  under  chloroform  was  conditioned  by  an  increase  of  intra-cardiac 
strain. 

My  conclusions  as  to  the  exciting  causes  of  ventricular  fibrillation  under 
chluroform  have  already  been  communicated  in  this  Journal/'  and  they  do 
not  embody  the  above  mentioned  theory,  which  has  been  abandoned,  but 
t  lie  experiments  relating  to  this  branch  of  the  investigation  are  now  published 
as  they  present  points  of  intrinsic  interest  and  further  tend  to  confirm  my 
final  conclusions  as  to  the  essential  relation  between  cardiac  stimulation  and 
fibrillation  of  the  chloroformed  ventricles. 

The  general  methods  of  experiment  have  already  been  sufficiently 
described  in  my  former  paper  and  need  httle  further  reference  here.  The 
w  hole  of  the  work  w  as  again  performed  solely  on  eat«.  A  damped  mercurial 
manometer  «  as  again  used  in  conjunction  with  the  Hiirtle  in  order  to  register 
the  mean  blood  pressure  changes. 

In  experiments  under  chloroform  in  \\  hich  the  peripheral  resistance  is 
raised  tiie  manometer  does  not  afford  such  an  accurate  index  of  changes  of 
jjeriiiiicral  resistance  as  it  does  \\  hen  tlie  animal  is  under  the  iufiucuce  of  some 
other  ana;sthetics,  for  under  chloroform  two  forms  of  cardiac  insufficiency 
may  occur  and  comphcate  the  record.  In  the  first  i)lace,  chloroform  weakens 
the  heart,  which  responds  to  an  increase  of  peripheral  resistance  by  dilating, 
so  that  the  resulting  rise  of  blood  jiressure  is  not  proportional  to  the  change  in 
peripheral  resistance,  and  secondly,  the  effect  of  the  ventricular  irregularities, 
^\hich   so   frequently   complicate  the  pressure   curves,  must  be  considered. 

It  is  important  to  realise  that  when  the  heart  is  irregular  it  is  not  beating 
to  the  same  mechanical  advantage  that  it  possesses  when  it  is  regular,  and 
that  consequently  an  irregular  action  of  the  heart  involves  a  lowering  of  the 
vascular  pressure,  as  I  have  frequently  observed,  and  as  Lewis^'  has  shown 
to   be  the  case    in    irregular    acceleration    of    the   heart.       The  reduction 


*    A  part  of  the  expenses  of  this  research  was  defrayed  by  a  grant  from  the  Graham  Research 
Fund,  UniNersity  of  London 


300 


GOO  DM  A  N     L'E  V  Y 


of  the  blood  pressure  may  or  auiy  nut  he  iiiadc  ininiediately  evident  in  tlie 
eiirrent  ])ressnre  curve.  In  those  cases  in  wliicli  the  IiKkkI  jiressure  i.> 
unchanging  at  the  moment  of  the  incidence  of^irregukirities  a  sudden  fall 
is  indicated  in  the  tracing  (Fig.  1).     When,  however,  the  blood  pressure  is  on 
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Fig.  I.  Full  size.  iSiiiiultiUR'uu.s  Hiirtlc  aiul  ilanijied  im-reiu'ial  liumoniettT  ciu'\'es  taken  from 
a  carotiil  artery,  shuwiiig  a  fall  of  blood  jJi'essiue  simultaneous  with  the  onset  of  a  trigeminal 
heart  beat  (spontaneous). 

u.     Hiirtle  eurve  showing  transition  from  regular  to  trigeminal  beat. 

h.     Mereiu-ial  manometer  eurve  recording  mean  blood  pressure. 

c.     Horizontal  line  at  100  mm.  Hg.  pressure  level.     Time  marked  in  seconds. 

the  upward  grade,  then  the  occurrence  of  irregularities  \\ill  affect  the  curve 
according  to  the  relative  intensity  of  the  central  and  perij)heral  changes,  i.e.., 
the  resultant  ])ressure  curve  indicates  a  fall,  or  remains  stationary,  or  else 
continues  to  rise  but  on  a  diminished  grade.  In  those  cases  in  which  the 
rise  of  pressure  has  been  largely  the  outcome  of  an  increased  activity  of  the 
heart,  a  very  notable  fall  may  occur  if  this  organ  is  suddenly  affected  by 
irregularities.  These  considerations  are  of  importance  in  the  inter])retation 
of  the  experimental  curves,  for  the  fall  of  vascular  tension  due  to  the  occur- 
rence of  irregularities  is  not  so  much  the  result  of  a  loss  of  energy  on  the 
part  of  the  ventricles  as  the  outcome  of  the  mimpplication  of  cucrytj,  and  \\hen 
the  heart  is  passing  from  ;t  regular  into  an  irregular  condition,  then  it  is.  I 
think,  evident  that  the  blood  pressure  changes  cannot  be  regarded  as  affording 
a  ])rccise  cstinuite  of  the  variations  in  the  stress  under  which  the  irregular 
heart  is  acting. 

Section  I,     The  production  of  changes  of  blood  preshurk  iiv  the 

INTRAVENOUS    INJECTION    OF    DRUGS. 

These  experiments  were  devised  ^^ith  the  idea  of  testing  the  luesunied 
relation  between  i)ressor  vascular  effects  and  ventricular  Hlirilhition  in 
hearts  lightly  poisoned  by  chloroform.  No  doubt  this  theory  is  not  tested 
to  best  advantage  by  the  injection  of  drugs,  but  these  constitute  one  class  of 
pressor  agents  and  have  therefore  to  be  considered.  From  an  ex])erimental 
point  of  view  they  are  valuable  inasmuch  as  they  are  pressor  agents  v\  hich 
can  be  applied  w  ith  a  minimum  of  operative  manipulation,  w  liich.  as  has  been 
pointed  out,  appears  to  be  of  some  importance.     The  method,  however,  is 
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obviously  open  to  criticism  because  a  foreign  substance  is  introduced  into 
the  })lood  and  this  may  or  may  not  he  known  to  exert  some  direct  effect 
tipon  the  heart's  action  :  in  fact,  pharmacological  knowledge  is  not  always 
sufficienth'  exact  to  lead  to  decisive  conclusions,  and  further  some  of  this 
knowledge  is  based  upon  work  which  has  been  complicated  by  narcotic 
agents,  which  certainly  in  the  case  of  chloroform,  and  possibly  also  in  other 
cases,  modify  the  reactions.  I  have  therefore  found  it  necessary  in  some 
instances  to  control  the  results  obtained  under  chloroform  by  experiments 
under  some  other  an£esthetic  agent. 

1.    The   adrenalin   group,  which  raises  the  blood  pressure  by  stimvlntion  of  the 
si/mpathelic  tni/oneural  junctions  in  the  arterioles. 

The  action  of  adrenalin  considered  as  one  of  cardiac  stimulation  has 
already  been  fully  dealt  with,  and  inasmuch  as  its  cardiac  action  cannot  be 
dissevered  from  its  pressor  action,  it  is  difficult  to  assess  the  value  of  tiie  latter 
projierty  in  relation  to  ventricvilar  fibrillation.  It  is  notable,  however,  that 
throughout  a  long  series  of  experiments  « ith  adrenalin  the  onset  of  ventricular 
fibrillation  has  borne  no  relation  to  the  height  to  which  the  blood  pressure  has 
been  raised  and  the  supposition  of  a  causal  relationship  is  thereby  largely 
negatived. 

It  has  elsewhere  been  briefly  stated  that  ventricular  fibrillation  has  not 
))een  observed  as  a  result  of  the  injection  of  adrenaUn  in  an  animal 
anrvsthetised  with  ether,  and  some  further  remarks  may  now  be  appended 
in  resjieet  of  the  production  of  irregularities  under  such  conditions.  So  far 
as  my  observations  extend  (six  experiments)  ordinary  doses  of  adrenalin 
(0-032  to  OOfio  mgms.)  induce  under  ether  a  rise  of  blood  pressure  with  a 
perfectly  regular  heart  beat,  but  with  large  do.ses  (0-26  mgms.)  irregularities 
of  a  relatively  low  order  of  complexity  may  appear.  The.se  irregularities 
sometimes  exhibit  deviations  from  the  chloroform  type,  but  in  the  absence 
of  electrocardiographic  analysis,  may  be  surmised  to  be  allied  in  nature. 
I  have  embodied  the  results  of  consecutive  injections  into  a  single  animal 
in  Table  I. 

Table    I. 

Thr   injection  of  atlrrnntin  unrtrr  ether. 


n..s»  of 

Pe-'ree  o': 
nuitsihesij. 

Tniiial. 

Kilul. 

UilrL-ualiii. 

Ile.ut  Ijeat. 

Blood  pi-essiire. 

Heart  lieat. 

B!o.h1  pre^'ure 

0-OG.i  mgiHs. 

Dppp 

Regular 
180  i>er  min. 

130  mm. 

Regular 
220  per  min. 

174  mm. 

0065  mc7Tis. 

Lightpr 

Regular 
Ifid  per  min. 

130  mm. 

Regular 
180  per  min. 

Ifi4  mm. 

U-2(jO  menus. 

Light 

Regular 
140  jier  min. 

144   mm. 

.Slightly 
irregular 

120(;)per 
luin. 

170  mm. 
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The  heart  when  affected  by  ether  and  large  doses  of  adrenalin  is  thus 
seen  to  be  not  entirely  exempt  from  abnormal  action,  but  that  in  its  relative 
immunity  from  irregularity  and  its  apparently  absolute  immunity  from 
ventricular  fihrillation  it  affords  a  remarkable  contrast  to  its  reaction  to 
adrenalin  under  chloroform.  Tliis  observation  is  important  on  account  of 
the  relative  immunity  of  persons  anai'sthetised  with  ether  from  sudden  death. 

I  have  likewise  tested  the  action  of  two  other  pressor  amines,  namely. 
epinine  and  tyramine,*  both  of  which  are  related  to  adrenalin  in  chemical 
constitution  and  in  pharmacological  action  :  they  are.  however,  less  active, 
larger  doses  being  required  in  order  to  obtain  comiiaral)le  results. 

Eqnnine  (di-hydroxphenylethylmethylamine).  One  mgm.  was  injected 
into  the  saphenous  vein  of  a  cat  under  0-5%  chloroform.  A  rise  of  pressure 
ensued,  followed  by  death  from  ventricular  fibrillation  in  a  precisely  similar 
fashion  to  that  following  the  injection  of  adrenalin. 

Tyramine  (parahydroxyphenylethylamine).  One  experiment  was  like- 
wise performed  \\\\\\  this  drug  with  an  identical  result. 

2.    Nicotine,  exerting  a  pres.tor  effect  throvgh  Mimulation  of   the    jwripheral 

.sympathetic  ganglia. 

When  a  dose  of  from  5  to  10  mgms.  of  nicotine  tartrate  is  injected  into 
the  saphenous  vein  of  a  cat  lightly  anipsthetised  with  chloroform  the  first 
effect  is  a  fall  of  blood  pressure  accompanied  by  slowing  of  the  heart  beat 
which  is  attributed  to  an  initial  stimulation  of  vagal  mechanisms  ;  this  fall 
is  followed  by  a  rise  of  pressure  accompanied  by  a  multiple  tachycardia 
which  culminates  in  ventricidar  fibrillation  (Fig.  2a).  The  results  of  three 
experiments  are  summarised  in  Table  II. 

Table  II. 

The  action  of  nicoline  nndfr  chloroform. 


Xuinber 
ot  exiieri- 

I)use. 

IViir.e  of 

Initial 
pi-fssui-f. 

^tuiiniuin 
jiressuie. 

H.'Mlll. 

1 

1st  injection 
10  mgms. 

Well   under 

1  Id   luni. 

14S  mm. 

Multiple 
eardia. 

tachy- 

2nd  injection 

o-r.% 

l.'Sa  mm. 

170  mm. 

V.F. 

10  mgms. 

2 

1st  injection 
10  mgms. 

1-2%  lightly 
ana'stlietised 

120  mm. 

1 36  mm. 

V.F. 

.1 

1st  injection 
.')  mgms. 

1%  lightly 
an.i^sthetised 

KM)  mm. 

122  mm. 

V.F. 

*  I  am  much  indebted  to  Dr.  P.  V.  Laidlaw  for  .sending  me  specimens  of   these  and  some 
other  drugs  mentioned  in  this  paper. 
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Experiment  1  shows  once  again  how  full  anaesthesia  allows  an 
irregular  tachj'cardia  alone  to  develop  and  protects  the  ventricles  from 
fihrillation. 

Nicotine,  like  adrenalin,  is  a  cardiac  stimulant  as  well  as  a  vascular 
stimulant,  for  it  excites  the  ganglionic  cell  stations  of  both  cardiac  and 
vasomotor  sympathetic  fibres,  but  it  is  in  addition  a  cardiac  stimulant  in 
another  sense,  recent  research  (Cannon.  Aub  and  Binger.-  and  more  recently 
Dale  and  Laidlaw")  having  shown  that  nicotine  accelerates  the  secretion  of 
the  suprarenal  glands.  Therefore,  in  order  to  obtain  the  pressor  action  of 
nicotine  alone,  to  the  exclusion  of  its  cardiac  action,  it  is  necessary  to  excise 
both  the  stellate  ganglia  and  the  suprarenal  glands  as  a  preliminary  measure. 
Two  experiments  of  tliis  nature  were  performed  and  in  both  a  similar  result 
wa.s  obtained  (Fig.  2(1)  ;  with  the  rise  of  blood  pressure  the  heart  was 
somewhat  accelerated  and  a  few  extrasystoles  appeared,  but  the  result  was 
otherwise  entirely  dissimilar  to  that  of  the  injection  into  the  normal  animal  : 
the  heart,  however,  was  still  fully  irritable  in  that  a  subsequent  injection  of 
0-065  mgms.  of  adrenalin  readih'  caused  it  to  fibrillate. 

It  is  interesting  to  note  that  either  of  the  above  mentioned  sources  of 
cardiac  stimulation  acting  alone  is  almost  as  effectual  as  both  acting  in 
unison,  and  this  fact  is  illustrated  in  Fig.  26  and  c,  which  illustrate  the 
reaction  to  nicotine  after  excision  of  the  suprarenals  and  stellate  ganglia 
respectively. 

The  origin  of  the  extrasystoles  noted  in  Fig.  '2d  after  excision  of  the 
stellate  ganglia  and  suprarenals  remains  to  be  explained.  It  is  not 
connected  with  the  rise  of  blood  pressure  as  this  cannot  be  said  to  attain 
a  height  of  sufficient  magnitude.  It  has  been  presumed  that  nicotine 
possesses  a  direct  stimulant  action  upon  the  cardiac  muscle,  but  it  is  quite 
possible  that  the  efifect  noted  was  an  indirect  adrenalin  effect  and  that  it  does 
not  exist  after  decapsulation.  It  is  probable  that  the  extrasystoles  arise 
from  the  secretion,  excited  by  the  nicotine,  of  adrenalin  from  supernumerarj' 
bodies.  And  the  existence  of  some  unidentified  source  of  cardiac  stimulation 
is  confirmed  in  several  instances  in  the  course  of  this  paper.* 

In  six  cats,  anaesthetised  by  cerebral  pithing  in  which  the  chloroform 
effect  was  thus  excluded,  a  large  rise  of  blood  pressure  was  obtained  on 
injecting  nicotine  ;  the  heart  beat  was  greatly  accelerated  in  all.  and 
remained  regular  in  four  ;  in  two  cases  a  sequence  of  irregular  beats  was 
obtained,  which  soon,  however,  reverted  to  re^ularitv.  It  \\ould  therefore 
appear  that  nicotine  has  per  se  some  power  of  disturbing  the  heart's 
regular  rhythm,  but  not  to  an  extent  approaching  that  obtaining  under 
chloroform.      This  innate  action  of  nicotine  has  not  been  further  investigated. 


*Dale  and  Laidlaw'  surmise  the  secretions  of  an  unidentified  adrenalin-like  body    as  a 
result  of  nicotine  injections. 
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Fig.  2.  X  Vi  The  effect  of  the  intravenous  injection  of  nicotine  tartrate  under  light 
chloroform  amesthesia.  Hiirtle  manometer.  The  signal  line  adjusted  to  the  Hiirtle 
abscissa.      The   signal  marks  the  moment   of  injection.     Time   marked  in  seconds. 

a.  Normal  reaction  to  5  mgms.  of  nicotine  tartrate  in  an  intact  animal  under  1  °o 
CHCL..  Before  injection  every  fifth  beat  is  an  extrasystole.  First  stage,  fall  of  blood 
pressure  with  a  slightly  retarded  and  regular  beat.  Second  stage,  rise  of  blood  pressure 
with  onset  of  multiple  tachj-cardia.  Third  stage,  ventricular  fibrillation,  with  fall  of  blood 
pressure. 

b.  Reaction  of  10  mgms.  nicotine  tartrate  in  a  cat  under  l''^  CHCL^  with  both 
suprarenals  extirpated.  Before  injection,  every  third  beat  is  an  extrasystole.  First  stage, 
marked  retardation  of  beat  with  fall  of  blood  pressure.  The  second  stage  is  broken  by  short 
periods  of  ventricular  fibrillation.     Third  stage  permanent  ventricular  fibrillation. 

c.  Reaction  of  10  mgms.  nicotine  tartrate  in  a  cat  under  Oo°o  CHCLj  with  both 
stellate  ganglia  excised.  Before  injection  a  multiple  tachycardia  is  exhibited.  Stages 
as  in  (a). 

d.  Reaction  of  10  ragms.  nicotine  tartrate  in  a  cat  under  0-8°o  CHCL,  with  both 
stellate  ganglia  and  both  suprarenal  bodies  excised.  Before  injection,  the  heart  beat 
is  regular.  First  stage,  retarded  heart  beat  with  rise  of  blood  pressure.  Second  stage, 
occasional  extrasystoles  and  heart  beat  accelerated  slightly  above  the  normal.  Third 
stage,  fall  of  blood  pressure  with  regular  beat  ;  the  pressure  eventually  falls  to  its  initial 
level.  A  piece  of  the  curve  has  been  cut  out  between  the  two  strips  shown  ;  this  shows 
precisely  similar  features. 


306 


A      GOODMAN     LKVY. 


'Mmnmmmmm^''''^'"^'''*'''^' 


m — 


— — -— — 


■■■■■■■■I 


■■■■•■ 


(o) 


W^^  >WLi<Mifni\ffi(in(nRi«ifn 


lOlmm. 


''■'"•'HMS!lS.«k.'*> 

6Sm»n 


li.Om.n- 


-  -  -  ———-—»»—»■»■■ 


(•'') 


^.^"^''i-"'*^^^ 


(c) 


OO'ict 


TlkuiMfA. 


('') 


Fig.  3.  X  *.  The  injection  of  pituitary  extract  under  light  chloroform  anapsthesia.  Hiirtle 
manometer.  The  figures  above  the  curves  represent  rates  of  heart  beat :  the  figures  below 
the  curves  represent  blood  pressures  in  mm.  Hg.  The  signal  line  is  adjusted  to  the  Hiirtle 
abscissa.     Time  marked  in  seconds. 

a.  U.sual  type  of  action.  Firstly  a  fall  of  blood  pressure  with  acceleration  of  the  heart 
lieat.  secondl}'  a  rise  of  blood  pressiu-e  with  retardation  of  the  boat.  The  heart  beat  remains 
regular  throughout.      O-fl  f.c.  pituitary  extract.     0-<°o  chloroform. 

6.  Oivset  of  irregularities  with  the  fall  of  pressure.  The  irregularities  disappear  a.s  the 
blood  pressure  rises  and  the  heart  beat  is  retarded.     Pituitary  extract  0-6  c.c.  Chloroform  1  %. 

c.  X  multiple  tachycardia  arising  in  the  second  stage  ;  aft^r  a  brief  duration  the  beat 
suddenly  reverts  to  a  regular  tyi>e.  .\tthe  time  of  injection  e\ery  fifth  beat  was  an  extrasystole. 
Pituitary  extract  0-9  c.c.     Chloroform  Oo^q. 

d.  The  injection  of  1103  mgms.  adrenalin  following  the  experiment  c.  The  ventricles 
are  perfectly  sensitive  and  fibrillate,  showing  that  the  different  result  of  the  preceding 
pituitary  reaction  wa.s  not  due  to  adverse  cardiac  conditions.  Chloroform  0-.t"o-  Previous 
to  injection  every  fifth  beat  wa.s  an  extrasystole. 

In  concluding  my  remarks  upon  the  action  of  nicotine  under  chloroform 
it  must  he  pointed  out  that  the  experiments  do  not  ahsolutely  preclude  the 
production  of  ventricular  fihrillation  by  a  pure  pressor  effect,  for  the  pressor 
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action  in  those  experiments  in  which  the  cardiac  stimulant  action  was 
excluded  was  not  an  intense  one,  or  at  least  the  maximum  pressure  reached 
was  not  at  a  high  level  (10-t  mm.).  Nevertheless  the  results  are  in  complete 
agreement  with  my  conclusions  that  ventricular  fibrillation  under  chloroform 
is  a  result  of  cardiac  stimulation  and  that  it  does  not  occur  in  the  absence  of 
some  such  stimulation. 

3.     Drugs  exerting  a  vnsocon-stricfor  ejjert  by  direct  action    upon  t/ie  un-striated 

muscle  of  the  vessels. 

Extract  of  pituitary  gland.  This  drug  was  administered  by  intravenous 
injection.  A  10°^  extract  was  employed  in  doses  of  from  O-.*?  to  1-2  c.c. 
and  diluted  u  ith  an  equal  bulk  of  normal'saline.  The  action  appeared  to  be 
identical  in  tlie  case  of  each  of  the  two  commercial  preparations  employed. 

Table  III. 

The  intravenous  injection  of  pituitary  extract  imder  chloroform  anaesthesia. 
The  dose  denotes  quantities  of  a   10°o  extract. 


meiu. 

t    hlo.U 

lonii. 

rius  ■. 

^e>|m-llre  ot 
ill)C'tioll. 

clunge.-. 

PuIsl. 
lalf. 

Remarks. 

1 

0-8% 

or.% 

0-4  c.c. 
0-7  c.c. 

i 
ii 

106  mm. 

98 
118 

170 
180 
150 

Regular. 

t7 

106  mm. 

92 
114 

140 

160 
120 

" 

2 
(Fig.  3a) 

0-7% 

o-.i°;. 

0-6  c.c. 

I-.>  c.c. 

i 

ii 

89  mm. 
76 
106 

160 

170 
140 

Regular. 

104   mm. 
87 
114 

I6U 
160 
140 

" 

3 

0-8% 

0  2  c.c. 

i 

72  mm. 
96 

120 
120 

Regular. 

4 

1-5% 

0-6  c.c. 

i 

90  mm. 

75 

90 
104 
112 

100 
120 
140 
70 
110 

Regular. 

3  extrasjstoles. 
Bigeminal  beat. 
Regular. 

5 

1  '^ 

0-2  c.c. 

i 

84  mm. 
82 

160 
180 

Regular. 

6 
(Pig.  36) 

1% 

0-5  "o 

»-6  c.c. 
09  c.c. 

i 

ii 

101   mm. 
6.") 

120 

150 
ISO 
220 
130 
110 

Regular 

Irregular. 
Regular. 

(Fill.  3c) 

102  mm. 
86 
106 

160 
160 
240 

Extrasj'stole  every  fifth  beat. 

Regular. 

Multiple  tachycardia. 

7 

1 ",. 

U-2  c.c. 

i 

S7   mm. 
82 
86 
Idii 

100 
100 
240 

.•ioo 

Trigeminal  beat. 
Occasional  extrasystoles. 
Muhiplc  tacliyeardia. 

:!os  A  .   noDT) M  A  y   l e  r  r . 

In  the  above  table  a  series  of  seven  exijeriments  is  summarised,  and 
of  these,  experiments  2  and  6  are  iUustrated  in  Fig.  3.  It  is  seen  that  the 
initial  result  of  the  injection,  \\  ith  one  exceptional  case,  was  a  depression  of 
blood  pressure.*  With  this  fall  the  heart  rate  was  accelerated  in  all  cases 
in  which  the  beat  was  regular.^  The  pressor  effect  is  secondary  and  it  is 
apparent  that  this,  in  the  presence  of  chloroform  is  not  verj'  great, 
the  largest  rise  of  blood  pressure  observed  being  28  mm.,  the  average  rise 
being  16-1  mm.  only.  With  the  rise  of  pressure,  there  is  generally  a 
retardation  of  the  beat  provided  the  heart  remains  regular. 

In  three  cats  the  heart  remained  regular  throughout  the  experiment 
and  in  the  remaining  four  cats  irregularities  were  produced,  which,  in  three 
instances,  attained  the  complexity  of  a  multiple  tachycardia,  but  it  is  a 
notable  fact  that  these  irregularities  were  not  conditioned  by  a  rise  of  blood 
pressure  ;  in  fact  they  appeared  in  conjunction  with  a  negligible  rise,  or 
at  any  point  in  the  pressure  curves,  even  at  the  lowest  point  of  the  primary 
fall  (Fig.  3  6  and  r).  In  no  case  did  ventricular  fibrillation  occur  as  a  result 
of  the  injection. 

It  is  thus  evident  that  pituitary  extract  possesses  an  uncertain  power 
of  exciting  irregularities  under  chloroform,  but  a  power  in  no  degree 
comparable  to  that  possessed  bj'  adrenalin.  In  Fig.  3f/  this  fact  is  illustrated 
hy  the  control  injection  of  0-03  mgms.  of  adrenalin,  and  it  is  seen  that  the 
heart  is  still  irritable  and  reacts  by  fibrillating  in  the  usual  fashion. 

The  incidence  of  ventricular  irregularities  is  therefore  not  in  this  ease 
determined  by  the  rise  of  blood  pressure,  and  it  remains  to  consider  the 
interpretation  of  their  cause.  Ott  and  Scott^^  hold  that  pituitary  extract 
stimulates  the  suprarenal  bodies  to  increased  activity  ;  pituitary  extract  has 
further  a  distinct  stimulating  effect  upon  the  force  of  the  beat  ;  Dale*  has 
shown  that  this  stimulant  action  is  evinced  on  perfusing  the  coronary 
arteries  with  the  extract,  and  it  is  thus  independent  of  adventitious  aid  from 
the  suprarenals.  To  one  or  other  of  these  causes  acting  in  varying  degree 
the  incidence  of  these  irregularities  may  be  ascribed. 

Apart  from  theoretical  considerations  the  experiments  have  an  important 
clinical  application,  for  pituitary  extract  has  been  largely  employed  to 
counteract  shock  in  operations  under  chloroform.  This  drug  possibly 
cannot  be  regarded  as  an  absolutely  safe  agent  for  such  a  purpose,  but  in 
comparison  with  adrenalin  employed  for  the  same  purpose  it  is  relatively 
innocuous. 

Bariiim  chloride.  This  is  a  powerful  vasoconstrictor  aeent  and  very 
readily  induces  ventricular  fibrillation  in  the  lightly  chloroformed  heart. 

The  drug  was  injected  into  both  the  arterial  and  venous  circulation 
in  a  ,^  solution,  in  doses  of  from  0.75  c.c.  to  2  c.c.  (15  to  40  mgms.). 

*  Oliver  and  Schiifer  observed  a  depression  of  pressure  on  the  repetition  of  a  dose  only  ;    in 
my  experiments  under  chloroform  it  has  been  the  rule  as  the  result  of  the  initial  dose. 

f  This  acceleration  was  seen  also  in  a  cat  in  which  the  suprarenals  had  been  excised. 
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The  relation  of  this  drug  to  ventricular  irregularities  and  tibrillatiou 
is  complieated  and  it  is  therefore  not  possible  to  draw  any  conclusions  in 
connection  « ith  its  pressor  action  considered  alone.  In  the  first  place  BaCl., 
strengthens  the  heart  beat,  and  thus  a  stimulant  fa<rtor  is  presented. 
Secondly  the  effect  of  BaCl;  upon  the  secretion  of  adrenahn,  if  any,  remains  to 
be  investigated.  Moreover  BaCL  is  a  cardiac  poison  of  a  pecuHar  nature, 
for  it  is  held  to  have  the  power  of  initiating  ventricular  irregularities  and 
fibrillation  apart  from  the  presence  of  chloroform,  and,  when  given  in  small 
doses,  to  act  in  a  similar  manner  to  chloroform  in  that  it  predisposes  the  heart 
to  exhibit  ventricular  irregularities  from  appropriate  stimuli,  as  for  instance 
by  the  action  of  adrenahn  or  by  stimulation  of  an  accelerator  nerve  (Roth- 
berger  and  Winterberg--),  or  on  section  of  the  vagus  trunks  (Cuskny  and 
Edmunds^).  In  my  own  experience  BaCl,  certainly  differs  from  the  other 
pressor  agents  I  have  investigated  in  that  it  may  produce  ventricular 
fibrillation  in  a  cat  under  ether  ;  this  happened  in  two  of  three  cats  in  which 
an  intravenous  injection  was  made  under  ether,  the  ventricles  rapidly 
passnig  into  fibrillation.  In  order  to  ascertain  the  action  of  BaCl.,  in 
animals  not  under  any  general  anaesthetic  at  the  moment  of  injection,  I 
performed  five  experiments  upon  cats  in  which  the  brain  had  been  pithed  ; 
the  heart  remained  apparently  regular  in  four  experiments,  but  in  one  an 
irregular  tachycardia  of  10  seconds  duration  appeared  after  an  injection  of 
40  mgms. 

Further  investigation  thus  appears  to  be  necessary  for  a  full  explanation 
of  the  action  of  BaCl-,  and  it  is  obviously  at  present  useless  for  the 
elucidation  of  the  blood  pressure  question  under  consideration. 

4.     Drugs  exerting  a    i/reasor  effect    through  stimulation  of   central  nervous 

mechanisms. 

GbjcoUc  acid.  This  drug  stimulates  the  vaso-constrictor  centres 
powerfully  and,  like  lactic  a<'id,  at  the  same  time  dilates  the  heart  and  the 
blood  vessels  through  a  direct  action  on  the  muscle  fibres.  Its  actions  are 
thus  complex  and  antagonistic,  but  Mathison^''  has  shown  how  they  may  be 
anah^sed  in  accordance  with  the  route  of  injection  ;  when  the  injection  is 
made  into  the  jugular  vein  the  initial  effect  is  a  fall  of  blood  pressure  due  to 
cardiac  depression,  and  this  is  followed  by  a  rise  of  pressure,  but  when  the 
injection  is  made  into  a  carotid  artery  the  pressor  effect  is  manifested  at  once. 
I  find  that  in  cats  under  chloroform  a  considerable  and  fairly  rapid  rise  of 
pressure  is  caused  by  injecting  20  to  80  mgms.  into  a  carotid  artery.  The 
cannula  connected  with  the  manometer  was  inserted  into  the  crural  artery 
in  these  experiments  in  order  to  avoid  hgature  of  both  carotid  arteries,  a 
procedure  whieh  is  hable  to  introduce  comphcations.  Briefly  stated,  the 
action  of  glycohc  acid  thus  injected  under  chloroform  is  to  initiate  an  irregular 
tachycardia,  sometimes  of  a  very  rapid  t3-pe  {e.g.,  390  beats  per  minute)  but 
this  never  passes  into  ventricular  fibrillation  (Fig.  4).  Furthermore  the 
subsequent  intravenous  injection  of  adrenahn  does  not  produce  ventricular 
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Fi".  4.  Full  size.  Injoctiun  of  5  e.e.  glyeolio  acid  sulutinn  into  a  larotid  artery  luider  I'lVo 
CHCL;.  The  blood  pres.sure  rises  and  the  heart  passes  from  a  regular  Ijeat  into  a  rapid 
irregular  tachycardia.  The  blood  pressure  linally  rises  to  a  height  of  162  mm..  Hiirtle 
manometer.  The  npjjer  row  of  ninnbers  indicates  rates  of  heart  beat,  the  lower  row  blood 
pressures.  The  signal  mark  indicates  the  time  of  injection  and  is  on  the  abscissa  line.  Time 
in  seconds. 

fibrillation  even  \\hen  fourteen  times  the  oidiaaiily  effective  dose  is  injected. 
Glycolic  acid  thus  protects  the  ventricles  against  fibrillation.     (Table  IV.) 

Table   IV. 

The  intracarolid  injection  of  glycolic  acid. 


Experi- 

CHCL- 

Do-e. 

Blond  pressure. 

Conirol. 

ment 

Initial. 

Final. 

1 
2 

3 
5 

6 

7 

•> 

08% 
0-5''o 

0-8"„ 

76  mgms. 
38  mgms. 
38  mgms. 
19  mgms. 
76  mgms. 

45  mgms. 

76  mgms. 

142  mm. 
108  mm. 
150  mm. 
US  mm. 
160  mm. 

140  mm. 
116  nnn. 

196  mm. 
145  mm. 
194  mm. 
166  mm. 
234  mm. 

206  mm. 

162  nnn. 

Adrenalin 
012  mgms. 

Adrenahn 
0-12  mgms. 
Tyramine 
2  mgms. 

Acb-enahn 
006  mgms. 

Adrenalin 
0-42  mgms. 

No  V.F.  from  either  re-agent. 

Previous  to  injection  the 
abdominal  aorta  had  been 
ligatured. 

Xo  V.F.  from  either  reagent. 

Previous  to  injection  both 
vagi  had  been  cut. 

Xo  V.F.  from  either  re-agent. 

This  protective  etiect  of  glycolic  acid  against  ventricular  fibrillation 
is  connected  with  its  cardiac  action  and  not  with  its  central  nervous  action  ; 
this  fact  may  be  demonstrated  by  making  the  injection  slowly  into  a  vein  at  a 
distance  from  the  heart,  such  as  the  saphenous  vein  ;  under  such  circum- 
stances and  even  under  a  low  percentage  of  chloroform  no  rise  of  blood 
pressure  may  result  and  the  heart's  rhythm  may  be  very  little  disturbed, 
showing  that  there  has  been  little  or  no  central  nervous  effect,  but  a 
subsequent  injection  of  adrenalin  demonstrates  that  the  acid  has  acted  upon 
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the  heart  protecting  it  from  iiljiillatioii.  This  protection  is  abolished  by 
injecting  an  equivalent  quantity  of  sddiuni  hydrate  and  tlie  heart  then 
becomes  once  more  highly  irritable  and  hbrillates  when  stimulated  by 
adrenalin.     The  follow  ing  experiment  illustrates  this  point  : — 

Experiment,  A/jrU  the  2oih,  1911.       Cal.     Ou^o    chloroform.       All    iiijeflioiis    made    into 
saphenous  vein. 

i.     2-5  c.c.    5    (  =  38  mgms.).     Glycolic  acid  iiijcutod.     Xo  rise  of  blood  pressure  and  no 

tachycardia, 
ii.     0-12  lugras.  adrenalin  injected.     Tachycardia,  Ijut  uo  ventricular  tibrillatioii. 
iii.     25  c.c.    -J    XaHo  injected. 

iv.     01 2  mgms.  adrenalin  injected.     I'ermauent  ventricular  fibrillatiou  ensues. 
This  experiment  has  been  repeated  and  confirmed. 

The  depressing  action  of  glycolic  acid  upon  the  heart  is  well  shown  when 
it  is  injected  into  a  juguhir  vein  under  chloroform  ;  it  then  reaches  the  heart 
in  a  relatively  undiluted  condition  and  a  marked  fall  of  blood  results.  Under 
such  circumstances,  if  the  lieart  be  previously  exhibiting  an  irregular  action, 
the  irregularities  tend  to  disappear,  as  they  did  in  two  experiments  out  of 
three  of  this  nature.     (Fig.  5.) 


Ki".  J.  Full  size.  Injection  of  .3  c.c.  -^  yl\  colic  acid  solution  into  the  riglil  jugular  vciu  under 
1"'„  CHCL..  Tlic  blood  pressm-e  falls  and  the  heart  p;usscs  from  a  rapid  irregular  beat  to  a 
regular  slower  rhythm.  Hurtle  manometer.  The  upper  row  of  umnbers  indicates  rates  of 
heart  beat,  the  lower  row  blood  pressiu-es.  Signal  mark  indicates  the  moment  of  mjection 
and  is  on  the  Hiirtle  abscissa  line.     Time  in  seconds. 

The  cardiac  action  of  gl3culic  acid  is  thus  comparable  to  tliat  of  the 
higher  percentages  of  chloroform.  In  neither  case  is  the  onset  of  cardiac 
irregularities  prevented  when  the  heart  is  powerfully  stimulated,  liut  in  both 
cases  the  ventricles  are  i^revented  from  tibrillating  ;  and  in  both  cases  there 
is  a  tendency  to  restrain  pre-existing  irregularities  and  make  the  beat  regular.* 
The  action  of  glycolic  acid  thus  tends  to  suljstantiate  the  view-  I  have  already 
atlvanced  that  full  doses  of  chloroform  prevent  ventricular  fibrillation 
througli  its  power  of  depressing  and  dilating  the  heart ;  glycohc  acid  is 
likewise  a  cardiac  depressant  and  dilating  agent  and  has  a  like  effect. 

These  exi)eriments  do  not  exclude  a  relation  between  pressor  effects 
and  ventricular  fibrillation,  but  they  further  confirm  the  far  greater  importance 
of  cardiac  conditions  in  relation  to  this  event. 

*  The  reser\  ation  must  be  made  that  the  change  in  beat  may  in  this  case  be  conditioned  by 
the  fall  m  blood  pressure.     (Page  321.) 
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Slrychnine.  The  intravenous  injection  of  strychnine  is  generally 
followed  by  a  great  rise  of  blood  pressure,  whicli  may  attain  a  height  of 
200ram.  or  more.  This  pressor  effect  is  of  complex  origin  (Cushny*)  ;  it  is  in 
part  due  to  a  vasoconstriction  in  the  splanchnic  area  from  stimulation  of 
spinal  centres,  and  in  part  the  result  of  muscular  convulsions,  and  this 
muscular,  that  is  to  say  mechanical,  cause  is  the  main  factor  in  the  rise  of 
pressure  under  chloroform  ;  so,  at  least,  I  judge  from  experiments  in  which 
the  muscular  convulsions  were  excluded  by  means  of  curari. 

It  is  further  stated  that  the  heart  is  accelerated  both  during  and  after 
the  termination  of  the  convulsions.  It  may  safely  be  surmised  that  the 
cardiac  accelerators  and  the  secretory  nerves  of  the  suprarenal  bodies,  forming 
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Fig.  6.  x|.  Intravenous  injection  of  4  mgms.  of  stryclmine  sidpliate  under  O-tiSo  CHCL, 
With  the  onset  of  con\'ulsions  the  blood  pressure  rises  to  196  mm.,  the  heart  beat  becomes 
irregular  and  rapid  and  indecipherable  in  the  curve,  and  the  tracing  terminates  in  a  fall  of 
blood  pressure  due  to  ventricular  fibrillation.  Mercurial  manometer.  Artificial  respiration. 
The  signal  mark  denotes  the  moment  of  injection.  The  signal  line  adjusted  to  manometer 
abscissa.     Time  in  seconds. 
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part  of  the  sympathetic  system,  are  stimulated  iu  conjunction  with  the 
vaso-constrictor  nerves  as  a  result  of  an  unselective  convulsive  nervous  output, 
and  that  the  cardiac  acceleration  is  thus,  at  least  in  part,  accounted  for. 

Under  light  chloroform  anwsthesia  ventricular  tachycardias  are  the  invari- 
able sequence,  and  ventricular  fibrillation  the  occasional  sequence  only,  of  an 
intravenous  injection  of  strychnine  salts  (Fig.  6).  Ventricular  fibrillation 
would  appear  to  be  favoured  by  a  percentage  of  chloroform  \n  hich  is  not  too 
low  ;  thus  with  1*^0  vapour  I  obtained  two  instances  of  ventricular  til)riJlation 
in  a  series  of  four  experiments,  which  is  a  higher  proportion  than  ordinary. 
On  the  other  hand  in  three  exiieriments  under  2^'o  chloroform  the  heart 
showed  little  tendency  to  become  completely  irregular. 

Table  V  comprises  a  seitaratc  series  of  six  experiments  under  low- 
percentages  of  chloroform,  two  of  which  resulted  iu  ventricular  fibrillation.* 

Table  V. 

The   intraveno'is   injection  of  slrychniiu:  sulphate   tindrr  light  chloroform  arursthesia. 

In  this  series  artificial  respiration  was  employed  in  all  cases  to  exclude  the  efiect  of  asphyxia 
from  respiratory  spasm,  but  in  animals  breathing  naturally  the  results  are  little,  if  at  all.  modified. 


Expprl- 

CULL  J 

Dose. 

Blond  pressure. 

ment. 

Initial. 

Final. 

1 
2 
3 
4 
5 
(5 

Oo% 
0-8"o 
Ot)"„ 

0-8"o 

0-8"„ 

3S  nigms. 
41)       „ 
3-8       „ 
3-8       ., 
3-2       „ 
4(i       „ 

15U  mm. 

100     „ 

124  ,. 
96  „ 
86     „ 

120     ,, 

212  nun. 
148     „ 
I'M     „ 
206     „ 
174     .. 
173     .. 

Xo  V.F. 

Xo  V.F. 

V.F. 

Xo  V.F. 

X'o  V.F.     Vagi  previously  cut. 

V.F. 

Average  rise  of  blood  pressure  in  fibrillation  cases  =  62-5  mm.;  in  nonfibiillatiuu  ca.se»  =  75o  mm. 

Average    maximum    blood    pressure    in    fibrillation    cases  =   184'o  mm.  ;      in    non-fibrillation 
cases  =185  mm. 

If  the  cardiac  accelerator  nerves  be  cut,  or  the  stellate  gangUa  be 
excised  previously  to  the  injection  of  strychnine,  then  the  reaction  is  notably 
modified.  In  Table  \'I  it  will  be  seen  that  in  six  experiments  of  this  kind  no 
instance  of  ventricular  fibrillation  was  observed  althougli  a  pow  erful  pressor 
effect  ^^■as  generally  obtained.  Further  in  two  of  these  experiments  alone 
did  I  obtain  brief  periods  of  a  rapid  tachycardia  ;  otherwise  the  irregularities 
•were  of  a  markedly  modified  type  and  occurred  in  a  slow  succession  only. 


*  Many  animals,  especially  those  more  deeply  aniesthetised,  succumb  aft*r  the  con\ulsions. 
The  blood  pressure  ui  these  ceises  falls  gradually ,  and  not  precipitately  as  iu  ventricular  fibrillatHon. 
Pe.~piratory  and  general  exhaustion  no  doubt  play  a  part  in  such  instances  of  death. 
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Table  VI. 

The  injection  of  slrychnine  sulphaii    into  catu  undvr  chloroform  deprived  of  their  cardiac 

mjmpathetic  innervation. 


Ex|wri- 

CUCL, 

U.'se. 

ISl.xiJ  p 

rissure. 

ment. 

Initial. 

Maxiniiim, 

1 

l"c 

4-0  nigiiis. 

77  nun. 

1S4  mm. 

No  V.F. 

2 

l"a 

dO      ,, 

UlU      ., 

ISO      ,. 

3 

<l-5"„ 

:)i      ., 

oO      .. 

100      ., 

4 

l"o 

4-3      „ 

142      „ 

226     „ 

o 

l°c. 

40      ,. 

108      „ 

114     „ 

U 

0-5% 

5-0      „ 

52      „ 

132     ., 

.\verage  rise  uf  liloutl  pressiu'e   ^    SI   inni. 
Average  maxiiuum  blood  pressure   =    16'J  mm. 

In  three  cats  excision  of  both  suprarenals  and  stellate  ganglia  was 
performed  and  then  strychnine  injected  under  chloroform.  In  two  instances 
the  heart  ■v\  as  slightly  accelerated  but  remained  perfectly  regular  ;  a  tracing 
of  one  of  these  experiments  is  sho«  n  in  Fig.  7  ;  the  rise  of  blood  pressure  was 
large  =57  mm.,  yet  the  })ulse  tracing  remained  remarkably  regular. 
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Fig.  7.  Full  size.  Intraveuous  iiijeetiou  of  4  mgms.  of  strychnine  sulpliate  under  Oj^o 
chloroform  into  a  cat  iu  which  both  su])rarenal  ijodies  and  botli  stellate  ganglia  liad  been 
excised.  The  Ijlood  pressure  rises  witli  the  onset  of  convulsions  but  tlie  heart  beat  remains 
perfectly    regular    though    slightly    accelerated.     Hurtle    manometer.     Time  iu  seconds. 

In  the  third  cat  a  period  of  irregularities  (180  beats  per  minute)  of  t\\  elve 
seconds  duration  was  observed,  at  a  blood  pressure  of  122  mm.  Hg.  ;  these 
irregularities  may  be  accounted  for  as  the  result  of  adrenalin  excretion  from 
supernumerary  suprarenal  bodies,  as  in  the  similar  experience  with  nicotine. 

The  conclusion  va&y  be  drawn  from  these  experiments  that  the  occurrence 
of  ventricular  fibrillation  is  not  conditioned  by  a  rise  of  blood  pressure  alone. 
In  Table  V  it  is  seen  that  ventricular  fibrillation  is  not  conditioned  by  the 
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liighfst  niaximuni  l)lood  pressures  ur  by  the  greatest  rise  of  blood  pressure, 
and  Table  \'I  shows  that  in  the  absence  of  the  stellate  ganglia  it  does  not 
occur  at  all,  although  the  rise  of  pressure  be  great.  When  all  known 
])aths  of  cardiac  stimulation  are  excluded  (excision  of  stellate  ganglia  and 
suprarenals)  the  rise  of  blood  pressure  nuiy  be  retained  with  a  regular  heart 
beat.  The  conclusion  ap])cars  irresistible  that  the  rise  of  blood  pressure  as  a 
result  of  strychnine  injections,  being  mainly  mechanical,  does  not  condition 
ventricular  til)rillation.  X'entricular  fibrillation  is  conditioned  by  the 
central  nervous  ctlects  of  the  strychnine  w  Inch  are  of  variable  intensity,  and 
therefore  its  occurrence  is  variable. 

5.     Driujs  which  exert  a  vuisu-dilatur  action. 

Apocodeine.     This    drug    causes     vaso-dilation     by     paralysing     the 
sympathetic  ganglia  (Dixon").     It  has  a  cardiac  action,  which  is  exerted  on 
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Fig.  8.  X  ;.  Tliu  iiitraveuou.s  iiiJLutiou  uf  iU  in^;iiis.  ul'  aijutuileiue  iiilu  a  lat  under  lO",, 
chloroform.  The  Ijlood  pressure  falls  niul  the  heart  pusses  from  an  irregular  taeh,\eardial 
condition  to  a  regular  beat.  The  signal  line  is  adjusted  to  the  manometer  abscissa.  Mercurial 
manometer.     The  figures  represent  mean  blood  inessiue.     Time  in  seconds. 

the  cardiac  nerve  endings  ;  this  complex  and  apparently  varies  w  ith  the  dose 
eni])loyed,  but  it  may  be  inferred  that  in  the  experiments  described  below , 
the  resultant  cardiac  effect  is  not  one  of  depression.  Two  experiments  were 
performed  : — 

Experiment  I.  10  mgms.  of  apocodeiuc  were  injected  into  the  saphenous  vein  of  a  rat 
under  chloroform,  the  heart  exhibiting  a  tj-pical  irregular  tacliycardia  of  300  beats  per  minute 
(Fig.  8).  As  a  result  tlie  blood  pressure  fell  from  112  mm.  to  a  mean  pressure  of  64  mm.,  the  heart 
becoming  quite  regular  %vith  a  beat  of  120  per  minute. 

Experiment  II.  7  mgms.  apocodeiue  injected  into  the  saphenous  vein  of  a  eat  inider  l^o 
chloroform.  The  vagi  had  been  previously  cut.  The  blood  pressure  fell  from  12(5  mm.  to  72  mm. 
and  heart  beat  changed  gradually  from  a  rapid  and  very  irregular  tachycardia  to  a  regular  beat 
of  270  per  minute.  A  previous  injection  of  2  mgms.  had  caused  a  fall  from  162  mm.  to  112  mm., 
and  the  irregularities  were  not  entirely  abolished. 
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An  indication  is  afforded  by  these  experiments  that  a  fall  of  pressure 
may  result  in  the  disappearance  of  irregularities  under  chloroform,  an 
indication  which  is  confirmed  in  a  later  section  in  w  hich  the  significance  of 
the  reaction  is  discussed  (page  321). 
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Fig.  y.  Full  size.  The  intravenous  injection  of  10  nignis.  of  tetrahydropapaveroleine 
hydrochloride  under  0-8"o  chloroform.  There  is  a  slight  rise  of  blood  pressure  onl\-  and  the 
ventricles  pass  from  a  regular  beat  to  an  irregular  tachycardia  and  finally  tibrillate. 
Hiirtle  manometer.     Time  in  seconds. 

TetriihydropuiMveroleine.  This  drug  causes  a  vaso-dilation  by  direct 
action  upon  the  plain  muscles  of  the  arterioles,  and  it  provides  an  interesting 
contrast  to  apocodeine  in  that  it  is  at  the  same  time  a  powerful  cardiac 
stimulant,  both  in  relation  to  the  rate  and  force  of  the  beat  (Laidlawi-). 
The  results  of  four  experiments  are  shown  in  Table  VII. 


Table    VII. 

Tlic  inlraixnous  injection  of  tctralijdroiMpaverolciiie  clUoridr. 


Eiperi- 
meut. 

thloro- 
form. 

Doio. 

Time  in 
Seconds. 

Blowl 
pressure. 

Character  of  Heart  Beat. 

1 

0-5% 

5  mgms. 

0 
45 

120 

72  mm. 
"JO     „ 
130     „ 

Regular. 

Irregular. 

V.F. 

2 

1% 

b  mgms. 

0 
20 
00 

100  mm. 
70     ., 

00     „ 

Irregular. 

Regiilar. 

V.F.  following  irregularity. 

3 

2% 

10  mgms. 

0 
10 
40 

128  mm. 
104     ., 
120     ., 

Irregular. 

Regular. 

Momentary  \'.F.  fullowiiig  irregularity. 

4 
(Fig.  9) 

0-8% 

10  mgms. 

0 

s 
2U 

100  mm. 

108      „ 

Regular. 

Irregular. 

V.F. 

Under  chloroform  the  depressor  efi'cct  of  this  drug  is  neither  marked  nor 
constant ;  however,  a  fall  \\as  noticed  in  t\\o  experiments  and  this  fall  was 
accompanied  by  a  temporary  disappearance  of  pre-existing  irregularities  as  in 
the  case  of  apocodeine.  This  fall  of  pressure  is  an  early  effect,  and  later  the 
pressure  wholly  or  partially  recovers  or  may  even  rise  considerably  as  a  result 
of  the  augmented  cardiac  action,  but  the  ventricles  are  caused  to  pass  into 
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tibrillation  whether  the  blood  pressure  has  risen  above  its  initial  height  or  not ; 
they  may  in  fact  fibrillate  permanently  at  a  slightly  lowered  pressure. 
Fig.  n  demonstrates  how  this  drug  reacts  on  the  chloroformed  heart  in  a 
way  similar  to  tliat  of  adrenalin  in  the  absence  of  the  pressor  effect  of  the 
latter,  the  blood  pressure  rising  in  this  instance  8  mm.  only. 


Fig.  10.  Compression  of  the  abdominal  aorta  under  O-G",,  chloroform.  Initial  heart  heat  regular, 
on  oomprcs.sion  the  blood  pressure  rises  from  110  mm.  to  140  mm.  and  the  heat  becomes  at 
first  bigeminal  and  later  trigeminal.  The  premature  beats  are  not  well  transmitted  and 
are  indicated  bv  the  length  of  pause  between  the  beats.  On  re»noving  the  compression  the  beat 
resumes  its  original  character.  .-Vt  X  there  was  a  temporary  irregular  movement  of  the 
kymograph.     Hiirtle  manometer.     Time  in  seconds. 


These  experiments  show,  so  far  as  drug  experiments  can  be  taken  into 
account,  that  ventricular  fibrillation  under  chloroform  is  essentially  a 
sequence  of  a  cardiac  stimulation  and  occurs  independently  of  a  rise  of  blood 
pressure. 

6.  Miscellaneous  dni^s. 

Atropine.  The  reaction  of  this  drug  is  of  considerable  clinical  interest, 
for  it  is  frequently  cmploj-ed  as  a  prophylactic  against  the  cardiac  effects 
of  overdosage  of  chloroform.  Under  light  chloroform  anaesthesia  in  cats 
the  intravenous  injection  of  0-6  mgms.  of  atropine  sulphate  caused  a  regular 
heart  to  pass  into  a  persistent  rapid  irregular  tachycardia  ;  a  dose  of  1-2 
mgms.  produced,  in  two  exjieriments  out  of  three  in  which  it  was  employed, 
a  permanent  fibrillation  of  the  ventricles  in  70  seconds  and  in  3  minutes 
respectively.  In  the  third  case  irregularities  were  produced  and  the  heart 
fibrillated  on  exciting  the  sensory  fibres  of  the  sciatic  nerve  by  cutting  it, 
several  minutes  after  the  injection.  In  no  case  was  the  blood  pressure  raised 
as  a  result  of  the  injection. 

This  reaction  of  atropine  is  in  conformity  with  and  confirms  the  result  of 
section  of  the  vagi  under  light  chloroform  anaesthesia,  and  may  be  referred 
to  its  power  of  paralysing  the  terminal  vagal  ganglia.  I  have  employed 
atropine,  administered  by  hypodermic  injection  in  doses  of  about  01  mgms., 


318  A.     GOODMAN     LEVY. 

in  a  considerable  number  of  experiments  on  cats,  and  have  generally  found 
a  rapid  and  irregular  heart  to  be  the  result.  For  these  reasons  it  would  appear 
that  atropine  would  merely  add  to  the  dangers  of  the  induction  and  lighter 
stiiges  of  chloroform  narcosis. 

Curnri.  I  have  observed  ventricular  fibrillation  follow  the  intravenous 
injection  of  0-5  p.c.of  a  2'),,  solution  of  curari  under  1%  CHCL3.  Otherwise 
curari  frequently  makes  the  heart  very  irritable  and  liable  to  pass  into 
fibrillation,  but  its  action  is  uncertain  and  at  other  times  it  has  no  effect  in 
this  direction.  It  is  reasonable  to  attribute  this  action  to  the  paralysing 
effect  which  curari  is  held  to  exert  upon  the  cardiac  vagal  ganglia. 


Section  II. — The  production  of  changes  of  blood  pressure  without 

THE    USE    OF    DRUGS. 

1.     Cnviprffision  of  the  aorta. 

Of  all  methods  employed  for  the  purpose  of  raising  the  blood  pressure 
that  of  mechaTiical  obstruction  of  the  large  arteries  appears  to  be  most  free 
from  the  complication  of  nervous  disturbances.  It  is  true  that  the  heart  is 
slowed,  and  this  may  be,  as  first  suggested  by  Marey,^^  a  vagal  effect,  but 
in  anaesthetised  animals  at  least,  it  is  not  a  very  marked  one.  Apart  from 
this  no  other  action  is  exercised  upon  the  heart  so  far  as  is  known  except  that 
of  a  raised  intracardiac  tension. 

Hering^"  has  described  cardiac  irregularities  occurring  under  such 
conditions  ;  he  has  shown  that  in  curarised  animals  compression  of  the  arch 
of  the  aorta  may  give  rise  to  ventricular  cxtrasystoles  occurring  every  second 
or  third  beat  (bigeminal  and  trigeminal).  In  these  experiments  the  central 
nervous  system  was  thrown  out  of  action  by  depriving  it  of  its  blood  supply, 
and  therefore  the  ventricular  cxtrasystoles  may  be  taken  to  be  of  purely 
intrinsic  origin.  KnolP^  like\\ise  came  to  the  conclusion,  as  a  result  of  an 
investigation  upon  curarised  rabbits,  that  a  rise  of  blood  pressure,  induced 
in  various  ways,  reflex  and  direct,  resulted  in  the  production  of  bigeminal 
beats  due  to  cxtrasystoles,  but  neither  of  these  observers  noted  any  higher 
grade  of  irregularities  than  these. 

It  appeared  to  me  at  one  time  highly  probable  that  such  irregularities 
might  in  the  lightly  chloroformed  heart  pass  into  more  complex  stages  and 
eventually  into  ventricular  fibrillation,  but  such  has  not  proved  to  be  the  case. 

I  have  a])plied  compression  to  the  aorta  in  anaesthetised  cats  in  two 
situations  (i)  just  external  to  the  left  subilavian  artery  after  exposure  through 
a  "  window  "  in  the  thorax  ;  (ii)  just  above  the  coeliac  axis,  after  exposure 
by  a  retroperitoneal  operation.  In  the  first  case  artificial  respiration  was 
employed,  in  the  second  case  it  was  unnecessary. 

Compression  was  a])])licd  either  by  means  of  a  s])ecial  screw  clamp 
constructed  on  the  principle  of  a  lithotrite,  or  more  conveniently  bj'  means 
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of  a  strip  of  tape  passed  under  the  artery  and  its  ends  drawn  through  a  narrow- 
glass  tube  ;  by  jiulUng  on  the  ends  of  the  tape  and  forcing  the  glass  tube 
down  on  to  the  aorta,  the  latter  became  compressed  between  its  mouth  and 
the  loop  of  the  tape. 

Table  VIIT. 

Aortic  compre.iaion  under  lifiht  rhioroform  aniFUlhrsia  (0-.>  lo  10"n). 
In  each  of  these  experiments  a  number  of  consecutive  compressions  were  made,  but  no 
useful  purpo5>e  would  be  served  in  recording  tlie  wliolo  of  the  results.  For  purposes  of  brevity 
one  or  more  tj-pieal  results  from  each  cat  only  arc  recorded  :  where  extrasystoles  are  noted  these 
may  or  may  not  have  Ix^en  obtained  more  than  once  in  the  same  animal  ;  where  a  reeiilar  heart 
is  noted  no  extrasystoles  were  obtained  from  any  of  the  compressions  in  that  animal. 


Ra:eo 

■  heat. 

cumprcssluii. 

Else  of  bl<XKi  pressure 
in  lum.  Ug. 

Nu. 

Remarks. 

tleforr 

During 

Compr 

esiion. 

FROM 

TO 

per  min. 

per  min. 

1 

Abdominal 

fiO  mm. 

81  mm. 

180 

180 

Heart  beat  regular  throughout. 

■> 

i:il     ,. 

148     ,. 

13.-. 

120 

Heart  beat  resnilar  throughout. 

3 

lot;    .. 

136     .. 

Il'4 

132 

Bigemin.TP  during  compression. 

4 

!ll'      .. 

nil     ,. 

1411 

nil 

Hcfirt  beat  regular  throughout. 

5(1 

0(1      ., 

12U     ,. 

HO 

1  r,.-, 

Before  cutting  vagi.  Beat 
regular  throughout. 

56 

96     „ 

120     ,. 

210 

210 

-After  cutting  vagi.  Beat 
regular  throughout. 

6 

Thoracic 

97     „ 

121     ,. 

111,-, 

10.5 

Heart  beat  regular  throughout. 

7(1 

il(i      .. 

l.-iO     „ 

1  .-,1 1 

144 

Before  cutting  vagi.  Bigeminse 
appear    on    compression. 

76 

11. -5      .. 

13.-!     .. 

ISO 

ISO 

After  cutting  vagi.  Two  single 
extrasystoles  on  compression. 

8 

lli)      ,. 

134     „ 

l:!(i 

10.-. 

Two  single  extra.systoles  appear 
on  compression. 

'.1 

•   " 

7S      ,. 

96     ,. 

lliU 

inii 

.Spontaneous  bigemirue  before 
compression,  luichanged  on 
compression. 

I  (III 

'• 

100     „ 

114     .. 

210 

2(10 

Bef(.re  cutting  vagi.  Regular 
beat  throughout. 

1U6 

100     „ 

140     „ 

220 

241) 

After  cutting  vagi.  Bigeminal 
beat  appears  at  1 10  mm.,  and 
disappears  on  further  rise  of 
pressure. 

A  series  of  ten  experiments  was  performed  on  cats  lightly  ana-sthetised 
with  chloroform  of  from  1%  to  0-5%  strength  (Table  VIII).  The  rise  of 
blood  pressure  was  not  as  a  rule  very  great,  possibly  owing  to  the  considerable 
cardiac  depression  caused  by  the  chloroform,  for  the  rise  of  pressure  under 
ether  was  considerably  greater  (Table  IX).  The  highest  rise  of  pressure 
obtained  under  chloroform  was  40  mm.  Hg.,  and  the  smallest  measured 
18  mm.  Hg.  ;  the  result  did  not  appear  to  be  materially  influenced  by  the 
site  of  compression,  whether  abdominal  or  thoracic,  the  average  rise  being 
the  same  in  the  case  of  the  two  selected  sites. 
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It  is  seen  that  a  rise  of  blood  pressure  following  comi)ression  of  the 
aorta  generally  gives  rise  to  some  slowing  of  the  heart  beat  in  those  cases 
in  which  the  beat  remains  regular.  This  slowing  is  not  observed  after 
section  of  the  vagi. 

In  four  cats  out  of  the  series  of  ten,  compression  of  the  aorta  was  followed 
by  the  appearance  of  extrasystoles  (Fig.  10). 


^mM0^iM:imft,^ 


2.^^«ii.. 


tfimm.        qomm. 


Fi-'.  11.  X  i !;.  Compression  of  the  thoracic  aorta  under  light  ether  anaesthesia.  A  rise  of 
Wood  pressure  is  followed  by  the  appearance  of  a  mixed  bigeminal  and  trigeminal  beat, 
which  disappears  shortly  after  decompression.  Hiirtle  manometer.  Time  in  seconds. 
The  lower  row  of  figures  denotes  blood  pressure,  the  upper,  rate  of  ventricular  heat. 

The  relation  of  the  occurrence  of  extrasystoles  to  the  rise  of  blood  pressure 
may  be  expressed  thus  : — 


Blonil  pressure  on  eompresslnn  of 
iiortii. 

All  results. 

Kesults  wiih  regular 
beat. 

Hesultd  with 
extva<v«tolpa. 

Average  rise  of  blood  pressure 

23-.';  mm. 

21   mm. 

28  mm. 

Average       maximum       blood 

122      mm. 

114-5  ram. 

134-5  mm. 

pressure 

It  would  thus  appear  that  the  aj^pearance  of  extrasystoles  is  favoured  by 
the  greater  heights  of  blood  pressure,  and  to  a  less  extent  by  the  greater  change 
of  pressure  ;  the  rule  does  not  hold  good  for  comparison  between  individual 
experiments. 

Section  of  the  vagi  was  performed  in  three  cats,  but  in  one  of  these  only 
did  this  apjjear  to  favour  the  subsequent  appearance  of  irregularities  on 
compression,  where  none  had  been  produced  before  section.  It  is  notable 
that  no  ventricular  disturbance  of  a  higher  degree  than  bigeminae  appeared 
in  any  case.  It  is  also  notable  that  in  several  of  these  cats  in  which  a 
subsecjuent  injection  of  adrenalin  was  made  the  ventricles  fibrillated  at 
a  blood  pressure  even  lower  than  that  obtained  by  aortic  compression. 

A  further  series  of  eight  experiments  w  as  performed  on  cats  under  ether 
narcosis. 
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Table    IX. 

Compression  ol  the  aorta    under   light   eti.er    ana-sthema.      The   experiments   are    recorded   as 

noted  in   Table   VIII. 


Rate  of  boat 

Site  of 

Rise  o 

t  blood 

.No. 

compression. 

I'ressuiv  in 
mm.  H?. 

Before 

During 

Remarks. 

com  pre 

ssion 

per 

iiiin. 

FROM 

TO 

la 

Abdominal 

102  mm. 

153  mm. 

200 

193 

Before  section  of  vagi.  Beat 
regular  throughout. 

\b 

102     „ 

152     „ 

225 

225 

After  section  of  vagi.  Beat 
regular  throughout. 

2<7 

•• 

96     .. 

150     ,. 

220 

220 

Before  vagal  section.  Beat 
regular  throughout. 

L". 

132     .. 

ISO     .. 

250 

250 

After  vagal  section.  Beat 
regular  throughout. 

.In 

»» 

144     .. 

178     .. 

195 

165 

Before  vagal  section.  Beat 
regular  throughout. 

3A 

1S2     .. 

234     .. 

270 

270 

After  vagal  section.    Bigeminie 

(I'ig.  11) 

and      trigeminse      on     com- 

4 

Thoracic 

09     .. 

148     ,. 

190 

190 

pres&iun. 
After    vagal    section.        Beat 
regular  throughout. 

5 

" 

114     ,. 

1 60     ,. 

240 

192 

.\  single  extrasystole  on  com- 
pression. 

Ca 

»» 

154     .. 

200     ,. 

260 

240 

Before  vagal  section.  Bigeminal 
beat  on  compression. 

G6 

84      .. 

160     .. 

250 

260 

After  vagal  section.  Bigeminal 
beat  on  compression. 

la 

•• 

96     .. 

136     .. 

165 

150 

Before  vagal  section.  Beat 
reguleu-  throughout. 

lb 

100     „ 

150     ,. 

190 

180 

After  vagal  section.  Beat 
regular  throughout. 

The  rate  of  heart  beat,  when 
somewhat  retarded  ;  after  section 
observed  with  the  single  exception 
slight. 


this  remained  regular,  was  generally 
of  the  vagi  this  retardation  was  not 
of  experiment  No.  7,  in  which  it  is  very 


Fig.  12.  lull  size.  The  eflect  of  a  fall  of  pressure  due  to  bleeding  upon  cardiac  irregularities 
present  in  a  cat  under  chloroform.  Between  the  arrows  the  cat  was  bled  34  c.c.  from  the 
femoral  arterj- ;  as  a  result  the  highly  irregular  beat  changes  to  a  bigeminal  condition  and 
eventually  becomes  quite  regular.  3  mgms.  of  atropine  sulphate  had  pre\-iously  been  given 
by  intravenous  injection.     Hiirtle  manometer.     Time  in  seconds. 

In  three  cats  out  of  this  series  of  seven,  extrasystoles  were  observed  on 
compressing  the  aorta,  about  the  same  proportion  as  obtained  in  the  case 
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of  the  chloroformed  cats^the  irregularities  were  in  some  cases  very  well 
marked  and  made  striking  tracings  (Fig.  11).  The  relation  of  the  onset  of 
extrasystoles  to  blood  pressure  under  ether  may  be  tabulated  as  follows  : — 


Blood  pressure  on  compression  of  aorta. 

All  results. 

Results  with 
regular  beat. 

Ucsults  with 
extrasystoles. 

Average  rise  of  blood  pressure 

Average       maximum      blood 
pressBre 

49  mm. 
IG7  mm. 

47   mm. 
156  rmn. 

55  mm. 
188-5  mm. 

Thus  again  there  is  strong  evidence  of  a  relation  between  the  height  of  the 
final  pressure  and  the  degree  of  rise  of  pressure  to  the  incidence  of  extra- 
sj'stoles ;  confirmatory  evidence  is  afforded  that  a  high  blood  pressure  or  a 
sudden  rise  of  blood  pressure,  acting  alone,  \nll  give  rise  to  these  ventricular 
irregularities,  apart  from  any  predisposing  agent  such  as  chloroform. 

There  is  no  evidence  in  the  case  of  these  ether  experiments  that  section 
of  the  vagi  has  any  appreciable  effect  in  conducing  to  the  apjjearance  of  these 
irregularities. 

These  experiments  are  important  for  they  establish  a  difference  between 
the  extrasystoles  produced  by  mechanically  raising  tlie  blood  pressure  and 
those  produced  by  a  stimulation  of  the  heart  under  chloroform,  for  the  latter 
are  not  reproduced,  or  only  in  a  modified  form,  under  ether,  and  this  fact 
would  lead  one  to  believe  that  pressure  extrasystoles  are  of  an  essentially 
different  class  in  relation  to  their  genesis  from  those  evolved  from  cardiac 
stimulations  under  chloroform  alone.  Moreover  I  have  not  observed  any 
more  comiilicated  sequence  of  irregularities  than  those  of  a  bigeminal  beat 
as  a  result  of  aortic  compressions  ;  the  rapid  multiple  tachycardia  is  never 
seen,  so  that  irregularities  produced  in  this  way  do  not  admit  of  a  passage 
into  ventricular  fibrillation.  It  is  probable  that  simple  extrasj-stoles  from 
this  cause  have  arisen  and  comphcated  the  results  of  experiments  involving 
a  well  marked  rise  of  blood  pressure  in  whatever  fashion  this  is  produced. 

In  view  of  the  uncertainty  of  the  experimental  production  of  pressure 
extrasj^stoles,  I  have  not  investigated  the  influence  of  the  nervous  system  any 
further,  but  having  regard  to  the  results  obtained  by  Hering  already  referred 
to,  there  is  no  alternative  but  to  accept  these  phenomena  as  purely  pressure 
effects. 

2.    The  effect  of  Needing  from  an  artery. 

I  have  remarked  elsewhere  that  spontaneous  irregularities  are  less  liable 
to  occur  when  the  blood  pressure  is  below  100  mm.  Hg..  Not  only  is  this 
the  case  but  existing  irregularities  are  generally  abolished  when  the  circulation 
becomes  depressed,  as  in  the  case  of  some  loss  of  blood  or  from  other  causes. 
Fig.  12  shows  the  result  of  bleeding  a  cat  to  the  extent  of  34  c.c.  ;  the  heart, 
which  was  originally  irregular  under  0-5%  chloroform  at  a  blood  pressure 
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of  96  mm.,  became  perfectly  and  permanently  regular  when  the  pressure 
had  fallen  to  86  mm..  In  this  experiment  vagal  action  had  been  excluded 
by  the  intravenous  injection  of  3  mgms.  of  atropine  sulphate,  and  the  result 
is  precisely  similar  to  that  seen  in  non-atropinised  animals.  It  would  appear 
therefore  that,  to  some  extent,  the  peripheral  resistance  has  an  influence  upon 
the  production  of  ventricular  tachycardias  and  hence  indirectly  of  fibrillation 
under  chloroform,  for  a  moderately  high  blood  pressure  is  generally  essential 
in  order  that  the  cardiac  muscle  may  react. 

The  effect  of  bleeding  appears  to  have  a  counterpart  in  the  experiment 
of  reducing  the  amount  of  blood  in  the  heart  by  direct  pressure  on  the  heart. 
If  the  chest  wall  be  gently  squeezed  over  the  position  of  the  heart  in  a  cat 
under  chloroform,  the  blood  pressure  falls  quite  markedly  and  irregularities 
if  present  are  almost  infalhbly  abolished.  Further  the  effect  of  artificial 
respiration,  which  has  been  already  alluded  to,  probably  comes  under  the 
same  category.  Spontaneous  irregularities  appear  less  frequently  under 
artificial  respiration,  but  when  they  do  occur  they  may  as  a  rule  be  abohshed 
by  increasing  the  force  of  the  perflating  blast.  (Fig.  13.)  The  blood 
pressure  may  fall  a  little  as  a  result,  but  usually  this  fall  is  small  and 
probably  the  effect  is  exerted  through  setting  up  a  positive  intra-thoracic 
pressure,  thus  damming  the  blood  back  from  the  ventricles  ;  Heger's^ 
experiments  leave  no  doubt  that  the  blood  supply  of  the  ventricles  is 
seriously  diminished  as  a  result  of  perflation  of  the  lungs. 

3.     Pithing  the  spinal  cord. 

Traumatic  excitation  of  the  spinal  cord  by  pithing  it  occasions  a 
considerable  rise  of  blood  pressure  in  cats  lightly  anaesthetised  by  chloroform. 
The  action  is  complex,  for  the  vaso-constrictor  centres  are  not  the  only  ones 


Fig.  15.  Full  size.  Stimulation  of  splanchnic  nerve  in  continuity  in  a  cat  under  0-5°b  chloroform 
after  excision  of  both  stellate  ganglia  and  both  suprarenal  glands.  A  series  of  trigeminal 
beats  is  thus  produced  which  disappear  shortly  after  the  cessation  of  the  stimulation.  The 
gap  in  the  tracing  represents  an  interval  of  25  seconds.  Hiirlle  manometer.  The  signal 
marks  the  period  of  excitation.     Time  in  seconds. 
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excited  ;  the  heart  and  suprarenal  bodies  must  be  also  stimulated  through 
their  sympathetic  nerves,  and  it  may  likewise  be  accepted  that  impulses  are 
initiated  which  ascend  to  the  vagal  centres  in  the  bulb. 

My  procedure  was  to  pass  a  flexible  metal  stylet  do\\n  the  spinal  canal, 
introducing  it  through  the  occipito-atlantal  space.  In  all  the  experiments 
herein  described  1%  of  chloroform  was  administered,  as  this  was  found  to  be 
the  most  favourable  strength  for  the  production  of  ventricular  fibrillation, 
whereas  a  lower  concentration  appeared  less  favourable,  for  what  reason  I 
cannot  state  ;    2%,  as  usual,  inhibited  fibrillation. 

Out  of  four  cats  pithed  with  vagi  intact  under  such  circumstances,  the 
heart  passed  through  a  temporary  phase  of  tachycardia  in  all  and  ventricular 
fibrillation  followed  in  one  case  only  ;  whereas,  after  cutting  the  vagi, 
ventricular  fibrillation  was  obtained  in  a  series  of  five  consecutive  experiments 
(Table  X).  The  heart  passed  through  a  stage  of  multiple  tachycardia  before 
fibrillation  occurred  just  as  in  the  reaction  to  adrenaUn  (Fig.  14). 


Table    X. 

Pithing  spinal  cord  under  1%  chloroform.      Both  vagi  cut. 


Bli..i.l  1 

reflpure. 

Xo. 

Vagi. 

Respiration. 

ResiUt. 

Initial. 

Ma.xiniuni. 

A    1 

Uncut 

Natural 

140  mm. 

192  mm 

No  V.F.     Heart  irregular. 

2 
3 

•• 

Artificial 

130      „ 

88      „ 

160      „ 
122      „ 

No  V.F.     A     short     period     of 

irregularity. 
No  V.F.     a"  few  irregular  beats 

4 

„ 

.. 

116      ., 

141      „ 

V.F. 

B    1 

Cut 

Natural 

126      „ 

148      „ 

V.F. 

2 

„ 

,. 

118     .. 

150      „ 

V.F. 

3 

4 

•• 

Artificial 

60      „ 
143       ,. 

156      „ 
164      „ 

V-F.,  followed  by  recovery  after 

12  seconds. 
V.F. 

5 

" 

142      „ 

178      „ 

V.F. 

The  experiments  afford  an  example  of  the  influence  which  exaggerated 
vagal  action  exerts  in  preventing  ventricular  fibrillation,  and  they  confirm 
my  formerly  recorded  observations  upon  the  relation  of  vagal  action  to 
ventricular  fibrillation.  The  action  is  the  antithesis  of  the  .effect  of  cutting 
out  vagal  action  by  section  of  the  vagal  nerve  trunks. 

These  experiments  were  repeated  on  four  animals  under  the  influence  of 
stronger  chloroform  vapour,  and  the  results  entirely  confirm  my  conclusions 
that  full  percentages  of  chloroform  prevent  ventricular  fibrillation. 
(TableXI.) 
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Table  XI. 

Pithinrj  the  spinal  cord  under  2%  chloroform.      Both  vdqi  oit. 


No. 

Bliiod  pressure. 

Result 

r.eniarks 

Initial. 

Muximum. 

1 

2 
3 
4 

143  ram. 
168     ,, 
106      „ 
108      „ 

215  mm. 
204      „ 
146      „ 
183      „ 

No  V.F. 

„ 

V.F.  of  3  seconds  duration 
at  150  mm. 

Under     2%     for     a     short 
period   only,      and      not 
deeply  aniesthetised. 

Table  XII. 

Pithing  apiiuU  cord  under  1%  cMorojorm.      Both  vayi  cut.     Surviving  cats  with  airdiac  acceleralora 

cut  or  stellate  gatwjlia  excised. 


No. 

Respiration. 

liliKid  rrcssurc. 

Result. 

Initial. 

Maxinnnn. 

1 

Natural 

134  mm. 

146  mm. 

No  V.F. 

2 

,, 

134      „ 

164       .. 

3 

„ 

88      „ 

128       ,. 

4 

Artificial 

64      „ 

166       .. 

5 

„ 

144      „ 

168       ,. 

e 

" 

116      „ 

152      „ 

The  experiments  were  further  repeated  under  \^/q  chloroform  after 
section  of  both  vagi  and  excision  of  the  stellate  ganglia  or  section  of  the 
cardiac  accelerators.  A  well  sustained  irregular  tachycardia  was  produced 
but  in  no  case  did  the  ventricles  fibrillate.  In  the  above  series  (Table  XII) 
the  conditions  were  identical  with  those  of  Table  X  (B),  with  the  exception 
that  the  paths  of  direct  cardiac  stimulation  were  cut  out ;  the  rise  of  blood 
pressure  was  well  marked,  a  ventricular  tachycardia  was  excited,  doubtless 
through  the  excretory  stimulation  of  tlie  suprarenals,  but  the  ventricles 
did  not  fibrillate,  so  that  the  paramount  importance  of  the  cardiac 
accelerator  mechanism  in  the  production  of  ventricular  fibrillation  by  this 
method  under  chloroform  is  demonstrated.  This  series  provides  a  parallel 
to  the  similar  experiments  performed  with  strychnine. 
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The  blood  pressure  changes  in  the  two  series  of  experiments  may  be 
expressed  in  a  tabular  form  ;  the  results  as  regards  ventricular  fibrillation 
are  definitely  positive  and  negative  according  as  the  cardiac  accelerator 
mechanism  is  or  is  not  intact,  whilst  the  blood  pressure  changes  approximate 
sufficiently  to  allow  of  their  exclusion  as  a  factor  in  the  production  of  this 
phenomenon. 


In  Table  X  (B). 
(V.F.  constant). 


In  Table  XII. 
(V.F.  absent). 


Average  rise  of  blood  pressure 
Average  maximum  blood  pressure 


41'4  mm. 

1.511 


41   mm. 

lo4       .. 


4.     Excitation  of  sensory  nerves. 

The  production  of  ventricular  tachycardias  and  fibrillation  as  an  effect 
of  reflex  cardiac  stimulation  has  been  fully  dealt  with  in  a  former  paper. 
The  pressor  factor  may  be  very  briefly  dealt  with  here.  Some  degree  of  rise  of 
blood  pressure  was  generally  noted  under  chloroform,  the  maximum  being 
50  mm.,  but  frequently  the  rise  was  insignificant  or  even  absent,  and  it 
was  evident  that  the  degree  of  pressor  effect  bore  no  relation  whatever 
to  the  incidence  or  intensity  of  the  resulting  ventricular  tachycardias,  and 
these  are  fully  accounted  for  as  the  result  of  reflex  cardiac  stimulation. 

By  excluding  the  sources  of  reflex  cardiac  stimulation  which  I  have 
recognised,  namely,  cardiac  accelerator  action  and  the  suprarenal  glands, 
I  had  looked  to  exclude  all  cardiac  irregularities  of  reflex  origin,  but  I  did 
not  consider  the  experiments  then  performed  as  being  entirely  free  from  a 
technical  objection  in  relation  to  the  regeneration  of  sympathetic  fibres. 
The  following  experiment  performed  more  recently  is  free  from  this  objection 
and  tends  to  confirm  the  fact  that  simple  irregularities  may  result  even  after 
cutting  out  these  reflex  paths. 

ExperimetU,  April  the  Ith,  1913.  Cat.  Both  stellate  ganglia  and  one  suprarenal  body 
extirpated  only  twelve  days  previously.  The  remaining  suprarenal  now  removed  under  chloroform 
and  the  right  splanchnic  nerve  stimulated  in  continmty  under  O-S^o  chloroform.  The  blood 
pressure  rose  from  110  mm.  to  128  mm.,  the  heart  beat  being  unchanged  and  regular  ;  the  pressure 
then  slowly  fell  to  1 1 S  mm.  when  the  beat  changed  to  an  orderly  sequence  of  well  marked  trigeminae 
which  disappeared  shortlj-  after  cessation  of  the  stimulus  (Fig.  15). 

There  can  be  no  question  here  of  a  relation  of  the  extrasystoles  to  pressor 
action,  and  the  interpretation  is,  that  a  reflex  secretion  of  a  cardiac 
stimulant  occurs,  as  already  referred  to  in  connection  with  the  similar 
nicotine  and  strychnine  reactions. 

In  cats  treated  bj*  cerebral  pithing  and  not  under  the  influence  of  a 
general  anesthetic,  sensorj-  excitation  gives  rise  to  a  far  greater  rise  of  blood 
pressure    with    slight    cardiac    acceleration ;     generally    the   heart    remains 


328 


GOODMAN      LEVY 


3 


is 

2  m 


.  -*^  - 

6-  §t^ 

4^  ■"     Cfi   *"   ■ 


>  ^ 


■=    C 


O    6C  t. 

c!  «  2 


-:=  S    . 


r-     ^     ^ 


o  o 


£  S"?  ^■^ 

o—  ^  2  o 
^  *^  o  -C  c 

O     CD    O  -»i  "TT 

•t-  «  «■?  > 

^     U     tn     C     J- 

tm  ^  ^  ©  o 


?)  . 


Sl-t. 


tC       tH 


:  --J  o 


.S  "  « 


0? 


03 

,,       t.  -d 
.  >  a>  II  a 


OS 


o 


>,.g   3   g 

^  >."p  >,  5  H 

^  s  g  cc  c  - 
■=  5i£  S  S  g 

o  S  o  -- 


CD    CJ 


OT 


c   CO    c  =*-    ^ 


ft  -V  3:  ^  *" 

£  3  ^  3  J; 


61j 


CARDIAC     IRREGULARITIES. 


329 


regular,  but  on  giving  chloroform  and  repeating  the  stimulation  the  normal 
typical  rapid  tachycardia  results.  In  one  instance  (out  of  four  experiments) 
I  observed  a  trigeminal  beat  result  from  pinching  the  sciatic  nerve  in  a  cat 
not  under  chloroform,  the  blood  pressure  rising  to  178  mm.  ;  this  in  all 
probabihty  being  a  pure  pressor  effect  comparable  to  that  obtained  on 
compressing  the  aorta. 

Under  ether  again  very  similar  results  were  obtained.  In  three  instances 
the  blood  pressure  rose  to  a  very  high  level  (the  maximum  being  236  mm.) 
with  a  slightly  accelerated  though  regular  beat  ;  an  irregular  tachycardia 
resulted  after  giving  chloroform  and  repeating  the  excitation.  In  a  fourth 
experiment  under  ether  bigeminal  beats  appeared  at  a  pressure  of  196  mm.  ; 
this  again  without  doubt  being  a  pure  pressor  effect. 

The  rapid  irregular  tachycardia  resulting  from  sensory  stimulations  is 
thus  once  again  shown  to  be  a  specific  effect  of  the  chloroform. 

5.     Stimulation  oj  the  stellate  ganglion. 

A  brief  reference  may  be  made  to  the  relation  of  blood  pressure  changes 
to  the  production  of  ventricular  fibrillation  by  stimulation  of  the  right 
stellate  ganghon,  an  experiment  of  fundamental  importance  in  relation  to 
my  theory  of  cardiac  stimulation  under  chloroform. 

I  have  recently  performed  a  fresh  series  of  experiments  upon  six  animals 
and  ventricular  fibrillation  was  obtained  in  four  of  these.  A  rise  of  blood 
pressure  may  result  from  the  augmented  action  of  the  heart,  but  this  is  very 
variable  and  may  be  entirely  absent  ;  in  the  four  successful  experiments 
the  blood  pressure  changes  were  as  follows  : — 

Table   XIII. 


Blood  pressure  chan(/cj^  nrisinfj   from  sthnufxjtiruj  thr   ri'jhf  stdtatc  (janrjHon   tttuicr  low  cfUoroform 

liLTCtnla'i'  -. 


No. 

Blood  pressure. 

Iimial. 

.Ma.viiimiii  |irtce»ling  V.F. 

1 

110  mm. 

112   mm. 

o 

104       „ 

104       „ 

3 

68       „ 

142       „ 

4 

66       „ 

'J4       „ 

Blood  pressure  changes  being  thus  obviously  excluded  as  a  causal  factor, 
in  experiments  Nos.  1  and  2,  the  significance  of  sympathetic  nervous  action 
is  estabhshed. 
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Section  III. 
The  Effect  of  asphyxial  conditions. 

The  effect  of  asphyxia  in  relation  to  ventricular  fibrillation  under 
chloroform  was  investigated  not  only  by  reason  of  its  physiological  but 
especially  on  account  of  its  clinical  interest. 

An  asphyxial  condition  of  the  blood  occasions  a  general  vaso-constrictor 
effect  by  stimulation  of  the  constrictor  centres,  but  under  a  general 
anaesthetic,  such  as  chloroform,  there  may  be  httle  or  no  rise  of  arterial  blood 
pressure  or  indeed  there  may  on  occasion  be  a  faU  from  the  commencement 
as  a  result  of  the  direct  cardiac  effect  of  asphyxia  whereby  the  ventricles 
are  dilated,  and  this  effect  is  doubtless  reinforced  by  the  further  cardiac 
dilating  effect  of  the  anaesthetic.  These  remarks  hold  true  for  experiments 
in  which  the  vagi  have  or  have  not  been  cut.  In  the  course  of  a  former 
research  1^  upon  the  action  of  asjihyxia  under  chloroform  I  remarked  upon  the 
frequent  incidence  of  cardiac  irregularities  under  such  conditions  and  their 
notable  absence  under  ether  ana-sthesia,  and  these  irregularities  I  can  now 
identify  as  being  precisely  similar  to  those  arising  from  cardiac  stimulation 
under  chloroform  as  by  adrenalin,  &c.  No  instance  was  observed  at  the  time 
of  actual  cardiac  syncope,  but  further  research  has  shown  that  this  may 
occur,  as  it  did  on  a  single  occasion  in  which  the  blood  pressure,  following 
a  phase  of  irregular  tachycardia,  fell  to  zero,  recovery  taking  place  after  an 
interval  of  a  few  seconds.  It  is  evident  then  that  ventricular  irregularities 
are  the  outcome  of  asphj-xia  under  chloroform  and  may  terminate  in 
fibrillation  as  an  exceedingly  rare  event. 

The  origin  of  these  ventricular  irregularities  may  be  accounted  for  as  a 
result  of  cardiac  stimulation  just  as  in  the  experiment  of  pithing  the  spinal 
cord  or  of  injecting  strychnine  ;  in  each  case  there  is  a  general  convulsive 
nervous  outiDut,  traversing  the  sympathetic  sj'stem  in  common  with  the 
other  efferent  paths.  That  the  heart  is  stimulated  is  evident  from  the 
acceleration  observed  in  the  spinal  animal,  and  it  is  accelerated  at  the  same 
time  that  it  undergoes  dilatation  (Mathison^^).  This  acceleration  occurs 
after  isolation  of  the  heart  from  all  nervous  impulses,  and  it  was  therefore 
considered  by  Lehndorff^^  to  be  a  cardiac  response  to  increased  peripheral 
resistance,  but  it  may  be  inferred  from  the  more  recent  experiments  of 
von  Anrep^  that  it  is  conditioned  under  such  circumstances  by  an  increased 
secretory  activity  of  the  suprarenal  glands  through  their  sympathetic 
innervation.*  It  would  appear  probable  that  the  cardiac  accelerator 
mechanism  likewise  comes  into  action  during  asphyxia,  but  I  have  not 
specially  investigated  this  point,  and  it  is  sufficient  for  the  present  to  point 
to  the  adrenalin  effect  as  accounting  for  the  onset  of  ventricular  irregularities 
under  chloroform. 

♦Cannon  and  Hoskins  ■    likewise   conclude   that  asphyxia   causes   an  increased   suprarenal 
secretion. 
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Table   XIV. 

The  inicclion  oi  adrenalin  in  asphyxiated  cats  under  the  influence  of  low  percerUaaes  of  chloroform. 


So. 

Chloro- 
form. 

Vagi. 

Adrenalin. 

Aspbyxial  condition. 

iu>ult. 

1 

0-8% 
0-8% 

Intact 

0065  mgms. 
0-065      „ 

During  asphyxia 

After  recovery  from  asphyxia 

No  V.F. 
V.F. 

2 

10% 
10% 

Intact 

0-065  mgms. 
0-063      „ 

During  asphyxia 
After  recovery 

No  V.F. 
V.F. 

3 
(Fig.  16) 

0-8% 
0-8% 

Cut 
Atropine 
sulphate 
0-1  nigm. 

0-065  mgms. 
0-065      „ 

During  asphyxia 
After  recovery 

No  V.F. 
V.F. 

4 

7 

Cut 
Atropine 
sulphate 
0-1  mgin. 

9 

During  asphyxia 
After  recovery 

No  V.F. 
V.F. 

5 

0-8% 
0-8% 

Cut 
Atropine 
sulphate 
01  mgni. 

0*13  mgms- 
0-13      „ 

During  a-sphyxia 
After  recovery 

No  V.F. 
No  V.F. 

6 

0-8% 
0-8% 

Cut 
Atropine 
sulphate 
0-1  mgm. 

0-13  mgms. 
0-13      „ 

During  asphyxia 
After  recovery 

No  V.F. 
No  V.F. 

7 

0-8% 

Cut 
Atropine 
sulphate 
0-1  mgm. 

0-065  mgms. 

During  asphyxia 

V.F. 

It  can  be  shown  by  experiment  that  under  asphyxial  condition.-s  the 
ventricles  are  in  a  great  measure  immune  to  ventricular  fibrillation.  In 
such  experiments  adrenalin  was  employed  as  a  test  stimulant  ;  the  asph\xial 
condition  was  induced  by  attaching  a  small  rubber  bag,  filled  with  air 
containing  a  small  proportion  of  chloroform  vapour,  to  a  tracheal  connecting 
tube,  and  allowing  asphyxia  to  develop  gradually  by  rebreathing  of  the 
contents  ;  the  adrenahn  was  injected  when  the  breathing  became  markedly 
dyspnoeic,    but  before  any  pronounced  fall  of  blood  pressure  had  occurred. 

It  is  thus  seen  that  in  one  experiment  alone  out  of  seven  did  adrenalin 
cause  ventricular  fibrillation  during  asphyxia  under  chloroform  ;  whereas  it 
was  effective  in  two-thirds  of  the  experiments  after  recovery  from  asphyxia. 
The  protective  influence  is  not  derived  through  asphyxial  stimulation  of  the 
vagal  action  ;  it  persists  after  cutting  out  aU  sources  of  vagal  action,  and  it  is 
reasonable  to  suppose  that  it  is  due  to  the  direct  action  of  asphyxia  upon  the 
heart,  which  it  dilates,  and  such  a  supposition  is  in  conformity  with  the  Hke 
result  observed  from  the  action  of  glycohc  acid,  vagal  action,  and  full  doses 
of  chloroform. 
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During  recovery  from  asphyxia  the  heart  passes  through  a  stage  of 
"  passive  stimulation,"  or  recovery  from  depression,  comparable  to  that 
caused  by  section  of  the  vagi,  and  if  the  chloroform  anaesthesia  be  very  hght, 
or  if  the  chloroform  be  removed  altogether  at  this  stage,  it  seems  reasonable 
to  anticipate  ventricular  fibrillation  may  occasionally  occur  under  such 
conditions. 

Discussion. 

The  relation  of  the  single  ventricular  extrasystole  to  the  complex 
ventricular  tachycardias  has  been  discussed  in  a  former  paper  (Levy  and 
Lewis ^*)  and  grades  of  ventricular  disturbances  forming  connecting  hnks 
between  the  two  extreme  conditions  have  been  described.  The  intimate 
relation  of  the  multiple  ventricular  tachycardia  to  ventricular  fibrillation 
is  not  at  present  capable  of  direct  demonstration,  but  it  has  been  assumed 
that  the  latter  is  a  still  more  advanced  and  complex  grade  of  the  former. 
Pending  further  light  on  this  ^^oint  it  is  possible  to  make  the  important 
statement  that  in  every  single  instance  of  ventricular  fibrillation  induced 
under  chloroform  by  any  of  the  methods  I  have  employed,  it  has  been 
preceded  by  a  stage  of  complex  ventricular  irregularities,  so  that  unquestion- 
ably the  one  condition  leads  on  to  the  other,  whatever  their  relationship  may 
be.  This  observation  is  limited  for  the  moment  to  conditions  in  which  the 
heart  is  affected  by  chloroform. 

The  liability  of  the  ventricular  extrasystoles  to  assume  a  comphcated 
sequence  would  appear  from  my  experiments  to  be  governed  by  the  conditions 
of  their  origin.  Chloroform  essentially  favours  their  complication,  but  it  has 
been  shown  how  another  form  of  simple  rhythmic  extrasystole,  evoked  by  a 
mechanical  increase  of  blood  pressure  and  which  is  not  dependent  no 
chloroform  poisoning  for  its  apjiearance,  has  not  shown  any  tendency  to  pass 
into  more  advanced  grades  of  irregularity  even  when  produced  under 
chloroform  narcosis.  It  is  in  fact  probable  that  we  are  here  deahng  with 
extrasystoles  of  a  distinct  intrinsic  genesis. 

Apart  from  the  experiments  in  which  the  blood  pressure  is  raised  by  a 
method  \\hich  involves  an  apparently  purely  mechanical  affection  of  the 
heart,  such  as  compression  of  the  aorta,  it  is  possible  to  trace  in  all  the  other 
pressor  reactions  I  have  described  some  factor  effecting  a  cardiac  stimulation, 
whether  bj'  direct  muscular  action,  through  the  S3^mpathetic  nerves,  or  by  an 
increased  flow  of  adrenalin,  and  in  view  of  the  proved  relation  of  cardiac 
stimulation  under  chloroform  to  ventricular  extrasystoles  and  fibrillation, 
it  is  to  this  factor  that  we  must  look  for  an  explanation  of  the  ventricular 
disturbances.  Not  onh'  do  all  my  experiments  mutually  support  one  another 
in  bearing  this  construction,  but  some  of  them  afford  distinct  evidence  that 
the  blood  pressure  effect  is  entirely  passive,  at  least  in  relation  to  ventricular 
fibrillation. 

A  theory  of  the  protective  action  of  full  doses  of  chloroform  against 
ventricular  fibrillation  previously  advanced,  namely,  that  it  protects  by 
depressing  the  ventricles,  is  in  this  paper  ampUfied  and  justified  by  parallel 
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observations,  and  in  this  respect  McWilliam's^"  contention  that  depressing 
influences  are  adverse  to  the  production  of  ventricular  fibrillation  by  direct 
faradization  appears  to  be  capable  of  extension.  Depression  of  the  ventricles 
may  perhaps  be  better  expressed  in  its  more  objective  form,  namely,  dilata- 
tion ;  glycolic  acid  and  asphyxial  blood,  in  common  with  full  chloroform  doses 
and  vagal  action,  exert  this  effect  to  a  notable  degree,  and  with  this  common 
attribute  a  protective  influence  against  ventricular  fibrillation  is  connoted. 

The  protective  influence  of  an  increased  action  of  the  vagal  mechanisms 
is  more  definitely  illustrated  in  the  experiments  of  pithing  the  spinal  cord 
than  in  any  other,  although  its  influence  was  suspected  in  many  circumstances. 

That  lowering  the  blood  pressure  will  in  itself  conduce  to  abolishing 
pre-existing  irregularities  must  be  conceded,  and  this  in  the  absence  of  vagal 
influences  ;  further  at  a  low  pressure  the  heart  generally  tends  to  remain 
regular,  and  it  would  be  a  simple  view  to  adopt  that  a  lowered  pressure 
annuls  the  tendency  which  a  raised  pressure  possesses  of  exciting  extrasystoles. 
Such  a  view  would  not,  however,  be  entirely  satisfactory,  for  a  lowered 
pressure,  although  it  abolishes  the  simple  rhythmic  extrasystoles  of  raised 
intravascular  tension,  hkewise  abolishes  the  more  intricate  form  of  ventricular 
irregularities  which  are  not  excited  by  pressure  changes.  It  would,  I  think, 
be  safer  to  accept  the  generahsation,  supported  by  other  observations 
described  in  the  body  of  the  paper,  that  measures  which  tend  to  hmit  the 
blood  supply  to  the  heart  reduce  the  Uability  to  ventricular  extrasystoles. 

The  study  of  these  chloroform  reactions  has  led  to  clinical  conclusions 
of  much  practical  importance  in  relation  to  the  administration  of  chloroform 
as  an  anaesthetic  ;  at  the  same  time  it  has  led  to  an  analysis  of  the 
factors  favouring  ventricular  extrasystoles  and  fibrillation  in  the  heart 
affected  by  chloroform,  and  these  factors  may  be  grouped  as  "  predisposing  " 
and  "  exciting."  Whilst  it  is  not  possible  to  explain  all  conditions  leading 
to  ventricular  fibrillation  on  the  basis  of  these  factors,  yet  it  is  at  least 
probable  that  in  the  case  of  some  drug  actions  and  pathological  processes 
they  may  be  combined  and  exerted  simultaneously,  and  it  is  on  these  lines 
that  further  research  appears  possible  and  desirable. 

Conclusions. 

1.  Ventricular  fibrillation  is  produced  by  cardiac  stimulation  under 
light  chloroform  anaesthesia  independently  of  a  rise  of  blood  pressure. 

2.  Increased  intraventricular  tension  may  occasion  the  appearance 
of  rhythmic  ventricular  extrasystoles.  These  are  not  a  specific  chloroform 
effect  and  have  not  been  observed  to  lead  to  ventricular  disturbances  of  a 
higher  grade. 

3.  Measures  which  tend  to  diminish  the  volume  of  blood  supplied  to  the 
heart  are  unfavourable  to  ventricular  irregularities  induced  under  chloroform. 
A  certain  degree  of  intracardiac  vascular  tension,  about  100  mm.  Hg.  or  over, 
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favours  ventricular  extrasystoles  and  fibrillation  ;   a  lower  tension  is  adverse 
to  their  existence. 

4.  Dilatation  of  the  ventricles  is  a  condition  which  is  protective  against 
ventricular  fibrillation  ;  it  is  on  this  ground  that  the  protective  action  of  full 
doses  of  chloroform  is  explained. 
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THE   EFFECTS   OF  PRE^LITURE  CONTRACTIONS   IN 
VAGOTIMISED  DOGS,  WITH   ESPECIAL  REFERENCE  TO  ATRIO- 
VENTRICULAR   RHYTHM. 

By    THOMAS    LEWIS*    axd    PAUL    D.    WHITE. 
{Cardiographic  Department,  University  College  Hospital  Medical  School.) 

Introductory. 

In  tlie  present  communication  we  discuss  chiefly  the  efifects  of  premature 
contractions  upon  atrio-ventricular  rhj-thm  as  they  have  been  observed  in 
some  recent  experiments.  We  have  used  dogs  exclusively  and  have 
made  our  observations  in  great  part,  upon  animals  which  form  the  basis 
of  another  communication  bj'  one  of  us.^  We  have  worked  upon  animals 
fully  anaesthetised  with  morphia,  paraldehj-de  and  ether,  in  which  both 
vagi  were  severed  in  the  neck.  The  chest  wall  being  opened,  artificial 
respiration  was  in  progress.  For  the  method  of  producing  atrio-ventricular 
rhythm  and  for  a  description  of  the  method  of  recording  the  heart  beat,  we 
may  refer  to  the  same  paper.  Premature  contractions  were  induced  from 
various  points  by  means  of  single  induction  shocks,  at  or  about  threshold 
value,  and  thrown  into  the  heart  at  suitable  intervals.  We  found  at  an 
early  stage  of  the  experiments  that  very  exact  measurements  are  required 
of  the  intervals  of  the  curves.  We  have  taken  our  records  upon  photographic 
plates  and  have  measured  our  intervals  on  these  plates  by  means  of  the 
Lucas  comparator.  Of  these  measurements  a  number  of  examples  are 
given  in  the  accompam-ing  tables.  We  have  paid  considerable  attention 
to  the  rate  and  uniformity  of  travel  of  our  plates  and  the  accuracy  of  our 
rotatory  timemarker,  measuring  all  time  marks  adjacent  to  jjoints  on  the 
electrocardiogram  in  each  of  our  curves.  The  chief  source  of  error  is  in 
fixing  the  cress  wires  of  the  microscope  upon  the  deflections  measured. 
Magnified,  the  beginning  of  auricular  deflections  are  often  blunt,  and  the 
point  taken  is  subject  to  choice  within  certain  hmits.  But  as  a 
general  rule  the  auricular  com^ilex  shows  in  its  initial  phase  some  acute 
angle,  notch  or  point,  upon  which  cross  wires  may  be  fixed  with  considerable 
accuracy.  The  beginnings  of  the  auricular  complexes,  which  form  one  of  the 
bases  of  our  tables,  have  been  corrected  from  additional  measurements  of 
this  kind,  and  in  this  manner  a  changing  error  has  been  avoided  very  largely. 

*  Aided  by  Grants  from  the  Royal  Society  and  Graham  Research  Fund.  Dr.  Meakins  has 
aided  us  in  these  observations,  and  it  i.s  witli  pleasure  that  we  acknowledge  our  indebtedness  to 
him. 
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That  is  to  say,  although  we  may  not  be  able  to  give  the  actual  onset  of  an 
auricular  complex  with  very  great  accuracy,  the  error  in  the  interval  between 
two  complexes  of  the  same  kind  is  minute,  for  if  there  be  a  small  error,  it  is 
maintained.  In  comparing  successive  intervals  this  method  of  mensuration 
has  very  obvious  advantages.  The  error  in  fixing  the  onset  of  an  auricular 
complex  is  small  ;  we  take  the  actual  onset  at  a  calculated  time  from  a 
given  notch  or  angle,  basing  our  calculation  upon  average  measurements 
of  the  actual  onset  in  the  curve.  We  have  used  those  curves  only  which 
provide  sharj)  points  for  measurements  ;  consequently,  every  precaution 
has  been  taken  to  obtain  electrocardiograms  as  smooth  and  uniform  as 
possible.  The  measurement  of  excited  contractions  has  called  for  additional 
care  ;  in  most  of  our  curves  there  is  no  trace  of  escape  from  the  stimulating 
electrodes,  a  fact  which  has  been  ascertained  by  a  comparison  of  make  and 
break  responses,  and  by  searching  the  curves  where  break  excitations  fall  in 
refractory  periods.*  But  in  aU  cases  we  have  checked  our  measurements 
by  comparing  the  sharp  movement  of  the  excitation  signal.  The  great 
majority  of  our  measurements  have  been  repeated  ;  often  by  an  independent 
observer. 

Working  in  this  fashion,  we  have  reduced  our  errors  of  measurement 
to  very  small  quantities,  often  the  maximal  error,  as  we  calculate  it  from 
variations  in  timemarker,  speed  of  plate  travel  and  i^oints  chosen,  amounts 
to  one-thousandth  of  a  second  or  less.  The  maximal  error  is  certainly 
no  greater  in  any  case  than  four  or  five  thousandths.  The  variation 
in  successive  and  similar  P-R  intervals  in  any  table  gives  a  fair  idea  of  the 
maximal  error.  In  our  tables  we  have  consequently  given  our  figures  to 
four  places  of  decimals,  so  as  to  render  the  third  place  as  accurate  as  possible. 
Our  measurements  have  been  taken  from  electrocardiograms  because 
these  curves  are  of  far  greater  accuracy  than  myocardiograms.  We  have 
almost  always  taken  simultaneous  curves  directly  from  the  muscle  of  the 
right  appendix  and  across  the  ventricles,  but  the  upstrokes  of  mechanical 
curves  have  no  sharpness,  the  error  in  measurements  is  in  hundredths  and 
not  thousandths  of  a  second.  Moreover,  as  has  become  plain  to  us,  the 
myocardiogram  introduces  another  source  of  inaccuracy  when  its  curves  are 
taken  to  indicate  the  onset  of  contractions.  The  interval  which  elapses 
between  the  onset  of  contraction  in  a  chamber  and  the  arrival  of  this 
contraction  at  the  region  to  which  the  mechanical  device  is  attached  is  by  no 
means  negligible.  The  error  may  amount  to  as  much  as  four  or  more 
hundredths  of  a  second,  var\ing  according  to  the  relative  position  of  the 
levers  and  onset  of  contraction  and  the  size  of  the  heart.  An  illustrative 
curve  is  shown  in  Fig.  4,  where  a  contraction  excited  from  the  right  appendix 
interrupts  an  atrio-ventricular  rhythm.  The  points  of  onset  of  the  auricular 
excitation  waves  are  clearly  marked  in  the  electrocardiograms  ;  the  P-A'\ 
distance  for  the  atrio-ventricular  beat  is    0510  seconds,  for  the  appendix 

*  Where  the  excitation  shows  it  is  clearly  separate  from  the  auricular  complex 
t  Auricular  complex  to  movement  of  auriculfir  lever. 
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beat  it  is  only  0073  seconds.  Our  experience  has  convinced  us  that  the 
complex  effects  of  premature  contractions  cannot  be  studied  with  accuracy 
unless  studied  clectrocardiograpliically,  for  the  errors  introduced  in  mechanical 
tracings  are  of  a  sufficiently  high  order  to  vitiate  the  results. 

Our  mechanical  curves  have  served  nevertheless  as  useful  checks  to  the 
correct  interpretation  of  the  electric  events. 

Definitions. 

In  discussing  the  effects  of  premature  contractions  uj^on  the  rhythms 
which  they  disturb,  it  will  be  necessary  for  us  to  refer  repeatedly  to  individual 
contractions  of  auricle  or  ventricle  and  to  individual  intervals  between 
contractions.  For  the  sake  both  of  brevity  and  clearness  we  shall  employ 
a  fixed  and  simple  terminology.  The  beats  and  cycles  which  precede  a 
disturbance  and  which  belong  to  the  dominant  rhythm  we  shall  term  the 
••initial  beats"  and  ■"initial  cycles"  (Fig.  1,  I.C).  The  premature 
contraction  we  shall  term  the  "  forced  beat,"  and  shall  apply  this  term  to 
auricular  (Fig.  1.  F.B.)  and  ventricular  systole  without  regard  to  the  chamber 
in  which  such  beat  arises.  The  interval  between  the  last  initial  beat  and  the 
forced  beat  will  be  referred  to  as  the  "  forced  cycle  "  (F.C.A.  and  F.C.V.). 
The  contractions  which  follow  the  disturbance  will  be  named  "  restored 
beats,"  the  intervals  between  them  the  "  restored  cj'cles  "  (Rs.  C.A.).  The 
interval  between  forced  beat  and  the  first  restored  beat  will  be  termed  the 
"  returning  cycle  "  (R.C.A.  and  R.C.V.).  The  forced  cycle  and  returning 
cycle  will  be  referred  to  together  as  the  "  conjoined  cycles  "  (C.C).  An 
As-Vs,  or  rs-.4s,  interval,  will  be  qualified  by  the  adjective  attached  to  the 
cycle  which  it  terminates. 

1.     The  effects  of  premature  auricular  contractions  upon  S-A 

RHYTHM. 

Our  observations  have  been  chiefly  upon  A-V  rhythm,  but  we  considered 
it  desirable  to  have  parallel  observations  upon  »S'-^4  rhythm*  in  the  same 
animals.  AVe  shall  report  these  observations  briefly,  emphasising  the  fact 
that  we  are  dealing  with  very  accurate  measurements. 

Our  curves  show  the  events  which  are  generally  recognised  to  accompany 
premature  auricular  contractions.  We  have  appUed  our  excitations  in  the 
main  at  three  points,  namely  to  right  and  left  appendices,  and  over  inferior 
vena  cava  ;   we  have  used  the  right  appendix  especially. 

Changes  in  As-Vs  intervals.  The  forced  As-Vs  interval  varies  with 
two  factors.  It  varies  according  to  the  site  at  which  the  excitation  is  apphed. 
It  is  longer  when  the  right  appendix  is  stimulated  than  when  inferior  cava 
is  stimulated  by  some  one  or  two  hundredths  of  a  second.     These  differences 

*  So  far  as  we  are  aware  no  systematic  observations  have  as  vet  been  made  electrocardio- 
graphically. 
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we  naturally  attribute  to  the  different  lengths  of  muscle  traversed.  They 
might  be  used  as  actual  measurements  of  the  rate  at  which  the  excitation 
wave  travels,  but  in  practice  we  do  not  find  them  to  be  capable  of  sufficiently 
exact  expression.  We  find  clear  evidence  that  the  forced  As-Vs  interval  is 
longer  the  more  premature  the  forced  beat ;  a  fact  which  is  fully  illustrated 
by  our  tables,*  and  which  we  beUeve  has  received  no  conclusive  demonstration 
for  the  normally  beating  mammalian  heart  hitherto.  The  changes  are  small, 
being  measured  as  a  rule  in  one  or  two  hundredths  or  in  thousandths  of  a 
second.  We  find  also  invariable  evidence  of  reduction  of  the  returning 
As-Vs  interval,  unusually  to  be  measured  in  hundredths  (Fig.  2),  usually 
in  thousandths  of  a  second  ;  there  is  occasional  though  inconstant  evidence 
that  this  interval  is  shortest  when  the  returning  cycle  is  longest.  The 
shortening  may  be  confined  to  the  returning  As-Vs  interval,  it  may  also 
affect  the  succeeding  interval,  though  this  is  rare. 

Lengths  of  returning  and  restored  cycles  in  auricle.  The  length  of  the 
returning  cycle  appears  to  be  governed  by  several  factors,  the  most  important 
of  which  is  the  rate  at  which  impulses  are  elaborated  at  the  pacemaker.  A 
change  of  original  sinus  rate  immediately  changes  the  length  of  returning 
pause  and  by  an  approximately  equivalent  amount.  We  consider  that  this 
fact  has  not  received  due  emphasis  in  the  past,  for  it  clearly  shows  that  the 
actual  length  of  pause  is  governed  in  the  main  by  the  rate  of  impulse  formation 
in  the  -S'-.-l  node.  It  has  been  stated  by  Cushny  and  Matthews^  and  also  by 
Hering^  that  the  length  of  the  returning  pause  is  greater  when  the  forced 
beat  is  more  premature  ;  but  we  fail  to  find  clear  evidence  for  this  statement 
in  their  curves.  We  have  looked  for  a  more  precise  change,  namely,  a  change 
in  the  length  of  the  returning  cycle,  relative  to  the  initial  cycles,  and  for  this 
we  have  conclusive  data.  The  range  is  however  small,  being  measured  often 
in  thousandths  of  a  second  or  at  the  most  one,  two,  three  or  four  hundredths. 
For  reasons  which  we  consider  later  we  are  not  convinced  that  Wenckebach's 
explanation,  namely,  difference  in  the  rate  of  conduction  to  the  pacemaker 
accounts  for  these  differences. 

In  calculating  the  actual  excess  of  the  returning  cycle  over  an  initial 
cycle,  we  have  been  surprised  at  the  smallness  of  these  values ;  in  stimulating 
right  appendix  or  inferior  vena  cava  they  amount  to  no  more  than  3,  4  or 
5  hundredths  of  a  second  as  a  general  rule  in  medium  sized  dogs.  On  no 
occasion  has  the  value  exceeded  the  natural  .4s- Fs  interval  for  the  same 
animal  ;  as  a  rule  it  does  not  reach  to  half  this  amount.  We  have  measured 
the  distances  over  which  the  contraction  wave  would  travel  by  direct  spread 
from  the  point  of  excitation  to  the  pacemaker,  and  have  calculated  the 
approximate  time  which  such  contractions  waves  would  take  in  traveUing, 
on  the  basis  of  recent  measurements  of  the  speed  of  travel  (Lewis^).  These 
data  are  not  sufficiently  abundant  for  conclusive  deductions,!  but  they  are 

*  Such  few  exceptions  as  are  noted  are  covered  by  our  error  of  measurement, 
■f-  We  have  recently  investigated  the  point  by  more  exact  methods,  and  liave  been  able  to 
show  a  definite  relation  between  excess  of  length  of  the  returning  cycle  and  the  transmission  time. 
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•5904 

■5625 
■1208 
■5721 

•5583 
•1304 
•5600 

•1321 

EJ. 

(1970) 
Fig.  2 

Inf.  cav. 

P-P 
P-R 
R-R 

■6601 
■1369 
■6600 

•6622 
•1368 
■6006 

4211 

■1352 
■4278 

■7741 
■1419 
■7304 

•6699 
•0982 
•7097 

•6623 
•1362 
•6613 

•1352 

EJ. 

(1963) 

Inf.  cav. 

P-P 
PR 
R-R 

■6614 
■1362 
■6634 

•6617 
■1382 
•6617 

■4617 
■1382 
■4638 

■7690 
■1403 
•7299 

•6714 
•1012 
•7061 

•6616 
•1359 
■6624 

•6635 
•1367 
•6632 

■1364 

EL. 

(2039) 

Rt.  app. 

P-P 
PR 
R-R 

■3243 
■1039 
■3238 

•3207 
■1034 
■3224 

1675 

•1051 
■2149 

•3058 
■1525 
■3180 

•3280 
■1047 
■3280 

■3194 
■1047 
■3187 

•3213 
•1040 
•3211 

■1038 

EL. 

(20376) 

Rt.  app. 

P-P 
P-R 
R-R 

■3145 
■1051 
■3136 

■1353 
■1042 
■3158 

■2169 

■1047 
■2404 

•3504 
•1282 
•3359 

■3184 
■1047 
■3200 

■3137 
■1063 
■3129 

•3156 
•105.> 
•3144 

■1043 

EL. 

(2037a) 

Rt.  app. 

P-P 
P-R 
R-R 

■3143 
■1038 
■3153 

■3151 
•1048 
•3158 

■2556 

■1055 
■2681 

•3531 
•1180 
•3394 

•3151 

■1043 
■3167 

■3156 
■1059 
•3153 

•1056 

EL. 
(2050a) 

Inf.  cav. 

P-P 
PR 
R-R 

•3675 
•1069 
■3682 

■3670 
■1076 
■3667 

2866 

■1073 
■2833 

■4164 
■1040 
■4170 

■3683 
■1046 
■3701 

•1064 

EL. 

(2048a) 

Inf.  cav. 

P-P 
P-R 
R-R 

■3600 
•1089 
•3593 

■3601 
•1082 
■3600 

■3031 

■UISI 
■2981 

•4039 
■1031 
■4047 

•3578 
•1039 
■3632 

•1093 

EL 
(20486) 

Inf.  cav. 

P-P 
PR 
R-R 

•3621 
•1093 
•3597 

■3590 
•10G9 
•3615 

■3230 

•1094 
■3164 

■3959 
■1028 
■3975 

■3606 
•1044 
•3641 

■1079 

EL. 

(20506) 
(Fig.  5) 

Inf.  cav. 

P-P 
P-R 

R-R 

•3663 
•1064 
•3677 

•3690 
■1078 
•3668 

•3340 

1056 
•3322 

■3998 
1038 
■3998 

•3661 
1038 
•3694 

•3661 
1071 
•3678 

1088 

EM. 

(2088a) 

Rt.  app. 

P-P 
PR 
R-R 

•2989 
•0989 
•3022 

■3019 
1022 
■2978 

•2000 

0981 
■2321 

■3534 
1302 
■3227 

•3047 
0995 
•3033 

•2993 
0981 
■3027 

1015 

EM. 

(20886) 

Rt.  app. 

P-P 
P-R 
R-R 

•2993 
•1006 
•2990 

■3000 
1003 
■2997 

2266 

1000 
■2441 

■3382 
1175 
■3213 

•3043 
1006 
•3047 

•3016 
1010 
■3012 

1006 

EM. 

(20986) 

Rt.  app. 

P-P 
PR 
R-R 

•3028 
■1036 
•3020 

•3052 

1028 
•3056 

2608 

1032 
■2052 

•3293 
1076 
•3229 

•3043 
1012 
■3068 

■3043 
1037 
■3033 

•3027 
1027 
•3033 

1033 

EM.  Rt.  app. 

(2098a) 


P-P  ^3018         3035         2776        ■3239         3044 

P-R      ■lOOo  1004        ■lOOO  in.-io        ^1004 

R-R  ■son        -3031  2831  :;is>        -3066 


■3038         3030 
1026        ^1026  1016 

•3038        ^3020 


*  In  this  and 
or  ventricular  line. 


subsequent  tables  tlie  forced  cycle  is  marked  in  hea\-j'  tj-pe  in  the  auricular 
according  to  the  point  of  application  of  the  stimulus. 
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not  incompatible  with  Wenckebach's  view  that  the  increased  length  of  the 
returning  pause  is  clue  in  tiie  main  at  least  to  the  time  lost  while  the  contraction 
wave  is  travelling  to  the  pacemaker. 

For  example  in  Table  I,  Curves  2037a  and  20506,  the  excess  of  the 
returning  pause  in  the  auricle  over  the  initial  pause  is  0384  seconds  for  right 
appendix  stimulation,  and  -0322  for  inferior  caval  stimulation.  The  distance 
of  these  points  from  the  upper  end  of  the  sulcus  terminahs  was,  with  the 
auricle  in  the  diastolic  position,  approximately  the  same,  namely,  30  mm.. 
In  four  animals,  one  of  us  found  the  average  rate  of  conduction  in  the  auricle 
to  be  055  mm.  per  second  ;  the  time  taken  to  travel  30  mm.  would  be  031 
seconds,  calculated  upon  this  basis. 

The  first  restored  cycle  is  almost  always  longer  than  the  initial  cycles, 
but  by  trifling  amounts  (usually  3,  4  or  5  thousandths  of  a  second,  on  one 
occasion  it  reached  one  hundredth,  on  another  two  hundredths  of  a  second). 
It  is  possible,  as  Cushnj--  has  suggested,  that  a  retardation  of  the  S-A 
impulse  formation,  produced  by  the  premature  beat  may  play  some  part 
in  prolonging  the  returing  cycle,  but  we  think  that  evidence  for  this  view 
is  still  lacking.  It  certainly  appears  to  play  little  part  in  the  vagotomised 
animal.  As  Table  II  shows  the  excess  of  the  returning  over  initial  cycles 
may  be  less  after  successive  than  after  single  interruptions  ;  although  there 
may  be  more  lengthening  of  the  restored  cycles  in  the  first  named  circumstance. 

The  conjoined  cycles  are  together  shorter  than  two  initial  cycles  in  all 
our  curves,  with  a  few  sohtary  exceptions  to  be  subsequently  considered  ; 
they  are  shortest  when  the  forced  beat  is  most  premature.  The  exceptions 
are  instances  where  the  contraction  wave  has  evidently  failed  to  reach  the 
pacemaker.     Of  such  curves  we  shall  speak  again. 

2.     The    effect    of    premature    auricular    contractions    upon'    A-V 

RHYTHM. 

Hering^  and  Rothberger  and  Winterberg"  have  alread}-  made  some 
observations  upon  the  effects  of  auricular  extrasystoles  upon  A-V  rhythm. 
These  writers  describe  two  forms  of  disturbance,  one  of  which  is  limited  to 
the  auricle,  the  other  affecting  both  chambers.  In  the  former  instance  the 
ventricle  is  said  to  suffer  no  disturbance  ;  in  the  last  instance  it  is  stated 
that  despite  conduction  to  the  lower  chamber  the  returning  pause  may  be 
compensatory.  Bering  used  myocardiographic  curves  only,  Rothberger 
and  Winterberg  employed  electrocardiograms  in  addition.  In  both  series 
of  observations,  attention  appears  to  have  been  focussed  upon  the  question 
of  compensation,  individual  pauses  have  received  no  detailed  analj'sis. 

We  may  introduce  the  chief  events  by  means  of  a  figure  (Fig.  3).  In 
this  figure  the  initial  beats  are  of  A-V  nodal  origin,  the  systoles  of  auricle 
and  ventricle  being  almost  simultaneous  ;  the  interval  is  037  seconds.  The 
premature  contraction  is  excited  from  the  inferior  cava,  and  the  forced 
aurictdar  beat  (F.B.)  is  followed  by  a  forced  ventricular  beat.     The  lengths 
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of  the  forced  cycles  in  auricle  and  ventricle  are  very  different,  and  for  tiie 
reason  that  the  relations  of  corresponding  auricular  and  ventricular  systole 
are  different.  The  forced  cycle  in  the  auricle  is  shorter  than  in  the  ventricle 
by  six  hundredths  of  a  second  ;  it  is  shorter  by  the  forced  ^4s-Fs  interval 
less  the  last  of  the  initial  ^4.s-F5  intervals.  Conversely,  the  returning  cycle 
in  the  auricle  (R.C.A.)  is  longer  than  that  in  the  ventricle  (R.C.V.)  ;  it  is 
longer  by  the  forced  .4s-I^s  interval  less  the  returning  .4s- Fs  interval. 

Forced  cycle  in  auricle.  It  will  be  clear  tliat  the  position  of  the  forced 
beat  in  the  auricle  is  controlled  absolutely  by  the  excitation  ;  it  may 
commence  at  any  period  of  the  auricular  diastole.  Its  position  controls 
the  length  of  the  forced  auricular  cycle. 

Forced  cycle  in  ventricle.  The  position  of  the  forced  ventricular  beat  is 
controlled  by  the  time  at  which  excitation  occurs  and  by  the  interval  w  hich 
elapses  between  the  excitation  and  the  final  response  of  the  ventricle.  This 
interval  is  composed  for  the  most  part  of  the  forced  As-Vs  interval.  The 
latency  of  the  forced  auricular  contraction  to  stimulation  we  find  to  be  very 
constant  in  a  given  animal  under  the  conditions  of  our  experiments. 

The  length  of  the  forced  ventricular  cycle  depends  therefore  upon  : — 

1.  The  position  of  the  last  initial  ventricular  beat. 

2.  The  time  of  excitation  in  relation  to  this  beat. 

3.  The  length  of  the  forced  As-Vs  interval. 

Forced  .4s- Fs  interval.  AVe  find  this  interval  to  vary  appreciably  in 
different  circumstances  in  the  same  animal.  As  might  be  expected  from 
similar  changes  in  8- A  rhythm,  it  is  of  greater  length  when  the  forced  beat 
comes  early  and  of  shorter  length  when  this  beat  comes  late  in  diastole. 
The  actual  variation  in  length  is  definite,  as  the  measurements  given  in  our 
tables  show,  it  amounts  to  a  few  thousandths  of  a  second  in  most  exjieriments, 
at  the  most  to  a  few  hundredths  (Table  III).  Another  factor  which  influences 
the  length  of  this  interval  is  the  position  at  which  stimulation  is  appUed  to 
the  auricle.  Evidently  the  time  taken  for  contraction  to  travel  from  auricle 
to  ventricle  must  vary  according  to  the  point  from  which  the  contraction 
starts  ;  it  is  chiefly  a  question  of  the  degree  of  variation.  We  find  that 
the  differences  are  measurable  though  they  cannot  be  very  accurately 
expressed.  Thus,  in  Table  III  (Dog  EL.)  the  .4s- Fs  interval  for  right 
appendicular  stimulation  is  approximately  -01  seconds  longer  than  for 
inferior  caval  stimulation  ;  comjjared  with  the  normal  .4s- Fs  interval  in  the 
same  animal,  the  inferior  caval  .4s-T's  interval  is  reduced  (see  Table  I, 
Dog  EL.)  while  the  right  appendicular  As-Vs  interval  is  a  httle  increased. 
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Dog. 

Point  of 
Stiroiilacion. 

Illiti:il 

Initial 
Cvcle. 

Forced 
Cycle. 

R'ttimini 
Cycle. 

J    Restored 
Cycle. 

EE. 
(1822a) 

Rt.  app. 

p-p 

P-R 
R-R 

•6740 
■0565 
•6764 

•6739 
•0589 
•6757 

•4673 

■0607 
■5235 

•7756 
•1169 
•7193 

•6709 
•0606 
•6709 

■0606 

EE. 
(1813) 

Rt.  app. 

P  P 
PR 
R-R 

■6910 
•0540 
•6932 

•6912 
■0562 
■6901 

5119 

■0551 
■5690 

•7908 
•1122 
•7327 

■6894 
■0541 
■6903 

■6876 
■0550 
■6873 

•6884 
•0547          0558 
•6895 

EE. 

(18226) 

Rt.  app. 

P-P 
P-R 
R-R 

•6705 
■0606 
■6718 

■6724 
■0619 
•6701 

6094 

■0596 
■6604 

•7308 
•1106 
•6791 

■6721 
■0589 
■6735 

■0603 

• 

EF. 
(1850) 

Rt.  app. 

PP 
PR 
R-R 

•8397 
— 0555    - 
•8377 

•8368 
— 0575    - 
•8386 

2869 

— 0557^ 
■4581 

11174 
-[-•1155    - 
■9493 

■8498 
—0526    - 
■8484 

■8431 
—0540    - 
■8449 

—0522 

EF. 
(1838) 

Rt.  app. 

PP 
P-R 
R-R 

•8254 
— 0519    - 
•8302 

•8284 
—0471    - 
•8292 

3165 

—0463 
•4603 

10858 
■^■0975    - 
•9362 

■8498 
—0521    - 
■8502 

■8326 
—0517    - 
■8368 

—0475 

EJ. 
(1972) 

Rt.  app. 

PP 
P-R 
R-R 

■6797 
■0880* 
■6794 

•6814 
•0877 
•6812 

3808 

■0875 
■4448 

■7754 
■1515 
■7155 

■6887 
■0916 
■6891 

•6905 
■0920 
■6865 

•0880 

EJ. 
(1981) 

Rt.  app. 

PP 
PR 
R-R 

■6864 
■0833 
•6865 

■6880 
•0834 
•6884 

4320 

•0838 
•4988 

■7767 
■1506 
•7205 

■6903 
■0944 
•6893 

■6908 
■0934 
•6876 

•0902 

EJ. 

(1975) 

Rt.  app. 

PP 
PR 
R-R 

■6893 
■0786 
■6905 

•6868 
■0798 
•6867 

•4811 

•0797 
•5506 

•7788 
•1492 
■7190 

•6928 
•0894 
■6932 

•6856 
•0898 
•6834 

•0876 

EJ. 
(1967) 
(Fig.  21) 

Inf.  cav. 

1 

PP 
PR 
R-R 

■7170 
■0961 
■7064 

•7227 
•0855 
•6843 

4301 

•0471 
•5225 

■7612 
■1395 
■7175 

■7143 
■0958 
■7071 

•7180 
■0886 
■6862 

•7017 
•0568         0506 
•6955 

EL  . 

(2041) 

Rt.  app. 

P-P 
P-R 
R.R 

■4480 
■0335 
■4479 

•4461 
■0334 
■4455 

■2432 
■0328 
•3233 

■5165 
■1129 
■4453 

■4509 
■0417 
■4470 

■4496 
■0378 
■4452 

•0334 

EL. 

(2044) 
(Fig.  4) 

Rt.  app. 

P-P 
P-R 
R-R 

■4557 
■0258 
■4553 

•4567 
■0254 
■4571 

•3108 

■0258 
■3945 

•5335 
■1095 
■4564 

■4570 
■0324 
■4543 

■4558 
•0297 
•4529 

•4557 
■0268         0262 
•4551 

EL. 
(2043) 

Rt.  app. 

P-P 
PR 
R-R 

■4477 

■0234 
■4484 

■4476 
•0241 
•4497 

3675 

■0262 
■4491 

■5139 
■1078 
■4336 

■4489 
■0275 
•4474 

•4473 
•0260 
■4487 

•4486 
•0274         0236 
•4448 

EL. 

(2053) 

Inf.  cav. 

P-P 
P-R 
R-R 

■5572 
■0397 
•5573 

■5563 
■0398 
■5550 

2349 

•0385 
■3003 

■6320 
■1099 
■5652 

•5686 
•0431 
•5621 

•0366 

EL. 

(2054) 

Inf.  cav. 

P-P 
P-R 
R-R 

■5492 
■0352 
•5490 

■5453 
•0350 
■5457 

•2694 
■0354 
■3366 

•6178 
■1026 
■5594 

•5630 
•0442 
•5559 

•5470 
•0371 
•5471 

•0372 

EL. 

(2052) 

Inf.  cav. 

P-P 
P-R 
R.R 

•5469 
•0337 
•5472 

■5459 
•0340 
•5490 

•3079 
•0371 

•3683 

■6144 
■0975  _ 
•5576 

•5556 
•0407 
•5527 

•5479 
•0378 
■5455 

•0354 

EL. 
(2051) 

Inf.  cav. 

P-P 
PR 
R-R 

■54  U 

■0367 
■5420 

•5399 
•0376 
•5417 

•3289 
•0394 
•3879 

■6126 
■0984 
•5555 

•5536 
•0413 
•5510 

■5422 
■0387 
■5414 

•0379 

EM. 

(2085) 

Rt.  app. 

P-P 
PR 
R-R 

■4294 
■0221 
■4296 

■4308 
■0223 
■4289 

2870 

•0204 
■3666 

■5124 
■1000 
■4346 

•4323 
•0222 
•4326 

•4289 
•0225 
•4278 

•4290 
•0214         0225 
•4301 

EM. 

(2084) 

Rt.  app. 

P-P 
PR 
R-R 

•4344 

0236- 
•4320 

•4295 
•0212 
•4325 

•3413 
•0242 
■4204 

•5004 
•1033 
•4207 

■4312 
■0236 
■4304 

•4286 
•0228 
•4295 

•0237 

*  The  natural  interval  in  tliis  dog  wliile  -4-1'  nodal  rhythm  was  present  was  approximately 
•0400  seconds.  In  these  curves  higher  values  are  seen  because  the  stimulation  was  frequent  and 
each  premature  beat  was  followed  by  increased  internals  for  several  cycles  (see  Fig.  21). 
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The  returning  auricular  cycle.  This  cycle  (R.C.A.)  is  the  longest  of  the 
disturbance.  Compared  with  the  corresponding  cycle  in  the  ventricle 
(R.C.V.)  it  is  longer  by  the  diiJerence  of  the  forced  and  returning  As-Vs 
intervals.  Its  length  relative  to  the  corresponding  ventricular  cycle  may 
be  said  to  depend  absolutely  upon  the  lengths  of  these  two  intervals. 
Consequently,  if  we  consider  the  factors  influencing  the  length  of  the  returning 
cycle  in  the  ventricle  it  will  suffice.  But  it  may  be  well  to  emphasise  at  this 
stage  the  complexity  of  the  factors  \\hich  determine  the  duration  of  the 
returning  auricular  cycle  ;  it  camiot  be  compared  to  the  similar  cycle  which 
follows  a  disturbance  of  the  S-A  rhythm  nor  can  it  be  taken  as  a  measure 
of  impulse  formation  in  the  A-V  node. 

The  returning  ventricular  cycle.  This  cycle  is  the  most  important  and 
our  discussion  will  centre  around  it,  for  in  length  it  e^-idently  gives  with  most 
accuracy  the  time  which  elapses  between  the  disturbance  of  the  A-V  node 
and  the  completion  of  the  next  A-V  impulse.  This  inter-ventricular  interval 
represents  the  corresponding  inter-nodal  interval,  providing  that  conduction 
is  at  the  same  rate  from  node  to  ventricle  for  the  two  beats  which  bound  it. 
Such  divergence  as  might  occur  between  inter-nodal  and  inter-ventricular 
intervals  would  be  in  the  direction  of  shortening  of  the  latter,  for  the  forced 
node  to  ventricular  interval  should  be  longer  on  account  of  its  prematurity. 
The  length  of  the  ventricular  returning  cycle  may  be  compared  with  that  of 
initial  ventricular  cycles.  We  find  that,  relative  to  the  last  named,  its  length  is 
variable  within  certain  hmits  ;  in  the  great  majority  of  experiments  it  is  pro- 
longed (Table  III ) ,  in  exceptional  cases  it  is  sometimes  prolonged  and  sometimes 
reduced,  ^'\^lere  there  is  lengthening,  this  lengthening  may  amount  to  a  few 
thousandths,  or  three  or  four  hundredths  of  a  second.  In  a  sohtary  animal 
it  amounted  exceptionally  to  a  tenth  of  a  second,  ^\^lere  there  has  been  a 
reduction  of  length,  this  reduction  has  amounted  to  a  few  thousandths  of  a 
second.  Thus,  the  degree  of  lengthening  or  reduction,  relative  to  the  length 
of  the  initial  cycle,  is  small.  We  may  sum  up  in  the  statement  that  the 
returning  cj'cle  in  the  ventricle  has  approximately  the  same  length  as  an  initial 
cycle,  but  is  usually  subject  to  slight  prolongation  or  exceptionally  to  slight 
reduction. 

The  actual  length  of  the  cycle  is  controlled  by  a  single  important  factor, 
the  rate  of  imjjulse  formation  in  the  ^4-T'  node.  If  the  length  of  the  cycle 
varies  materially  from  time  to  time,  a  similar  variation  will  be  found  in  the 
initial  cycles,  clearly  showing  that  the  length  depends  upon  the  returning 
A-V  automaticity. 

The  length  of  the  I'eturning  ventricular  cycle  is  not  constantly  influenced 
by  the  prematurity  of  the  forced  beat  ;  but  it  is  the  rule  that  the  more  pre- 
mature the  beat  the  longer  the  returning  pause.  The  variations  are  usually  in 
thousandths  of  a  second.  The  fact  that  conspicuous  prematurity  of  the  forced 
beat  does  not  shorten  the  returning  pause,  as  might  be  expected,  but  is  usually 
accompanied  by  shght  lengthening,  leads  us  to  the  behef  that  the  greater 
part  of  the  ordinary  increase  in  the  forced  .4s- Fs  interval  of  conspicuously 
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premature  beats  occurs  in  the  higlicst  reaches  of  the  node,  or  above  the  point 
at  which  the  A-V  rliythm  originates  ;  for  if  it  occurred  in  the  lower  reaches 
of  the  junctional  tissues,  it  would  surely  shorten  the  pause  in  question. 
The  observation  that  the  returning  pause  in  S-A  rhythm  and  A-V  rhythm 
is  similarly  affected  by  the  degree  of  prematurity  of  the  forced  beat,  is  opposed 
to  Wenckebach's  view  in  respect  of  interruptions  of  the  first  rhj^thm.  For 
if  his  explanation,  that  the  difference  is  due  to  variations  in  conduction  time 
from  point  stimulated  to  S-A  node,  were  apphed  to  A-V  rhythm,  then 
increased  prematurity  of  a  forced  beat  interrupting  the  last-named  rhythm, 
should  have  no  effect  upon  the  returning  pause  or  should  shorten  it. 

The  length  of  the  returning  cycle  is  uninfluenced  by  the  site  of  stimulation. 
This  is  as  might  be  anticipated,  for  variations  of  the  time  relations  due  to  this 
cause  are  evidently  in  the  transmission  from  excitation  point  to  A-V  node 
and  not  in  the  transmission  time  on  the  ventricular  side  of  the  A-V  node. 
There  are  other  factors  which  might  possibly  affect  the  returning  cycle,  but 
these  will  be  discussed  more  conveniently  at  a  later  stage. 

The  returning  As-Vs  interval.  This  interval  is  subject  to  considerable 
change.  It  is  the  rule  to  find,  not  shortening  as  in  interruptions  of  the  S-A 
rhythm,  but  noticeable  lengthening.  This  fact  is  clearly  illustrated  by  our 
tables  and  is  very  distinct  in  Fig.  21. 

The  lengthening  may  amount  to  four  or  more  thousandths  of  a  second 
and  sometimes  to  several  hundredths  of  a  second  (Fig.  21)  and  may  be 
spread  over  a  number  of  cycles.  In  such  circumstances  and  if  the  premature 
beats  occur  frequentty  the  natural  ..45- Fs  interval  may  be  concealed.  Thus 
in  Fig.  21  the  natural  interval  for  an  A-V  beat  was  -040  seconds;  but  frequent 
extrasystoles  kept  it  prolonged  to  values  of  09,  -08  and  -07  seconds  (see 
Dog  EJ.,  Table  III).  In  some  instances  there  is  practically  no  change  ; 
in  some  animals  there  is  reduction.  It  is  a  very  noticeable  fact  that  the 
instances  of  no  change  or  of  reduction  occur  in  animals  in  which  the  original 
^4s-I's  interval  (of  A-V  rhythm)  is  relatively  long. 

The  usual  lengthening  of  this  interval  is,  so  we  consider,  the  result  of 
bettered  conduction  through  those  portions  of  the  junctional  tissues  which 
unite  auricle  and  the  seat  of  impulse  formation.  One  of  us  has  shown  that 
vagal  stimulation,  which  produces  forward  heart-block  in  S-A  rhythm, 
produces  a  shortened  As-Vs  interval  during  nodal  rhythm,  and  has  argued 
that  this  change  is  the  result  of  hindrance  to  conduction  in  the  tissue  between 
auricle  and  impulse  centre.  The  lengthening  of  .-Is-I's  interval  after  the 
returning  cycle,  we  regard  as  the  reverse  of  this  phenomenon.  \\Tiereas, 
during  S-A  rhythm,  the  returning  As-Vs  interval  is  shortened,  and  this 
unquestionably  as  a  result  of  bettered  conduction,  in  A-V  rhythm  the  interval 
is  longer  than  usual,  though,  as  we  think,  from  the  same  primary  cause. 
And  support  is  lent  to  this  view,  since,  when  the  A-V  rhythm  arises  at  low 
levels  (witnessed  by  short  initial  intervals)  the  lengthening  of  the  returning 
^5-  Vs  interval  is  conspicuous.  We  cannot  suflBciently  emphasise  the  constancy 
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of  our  findings  in  one  respect,  and  we  have  abundant  material ;  the  direction 
in  which  this  As-Vs  interval  changes  is  dependent  upon  its  original  length. 
If  the  interval  is  original!}'  long  and  indicative  of  a  high  origin  of  the  impulse, 
the  change  is  in  same  direction  as  when  S-A  rhythm  prevails  ;  if  short 
and  indicative  of  a  low  origin  of  the  impulse,  the  change  is  always  in  the 
reverse  direction.  In  the  first  instance  the  change  is  in  tissue  below,  in  the 
last,  it  is  in  tissue  above  the  focus  which  starts  the  contraction.  The 
difference  is  due  not  to  differences  in  the  site  of  changed  conduction,  but  to 
the  position  of  the  automatic  centre  relative  to  this  site.  We  have  some 
fortunate  observations  from  a  single  animal,  which  are  exemplified  in  Table 
IX  (Curves  21616  and  2169).  In  this  experiment  the  level  of  the  A-V 
rhythm  altered  during  the  course  of  the  observations  ;  and  we  were  able 
to  obtain  two  series  of  curves  from  the  same  animal,  showing  the  changes 
in  the  returning  As-Vs  interval  under  the  two  conditions.  When  the 
original  interval  was  long,  the  returning  interval  showed  shortening  ;  when 
the  original  interval  was  short,  the  returning  interval  showed  lengthening. 

The  restored  cycles.  The  first  restored  cycle  generally  shows  slight 
lengthening  as  compared  to  the  initial  cycles.  Exceptions  have  been 
witnessed  in  a  few  animals  (Table  III,  Dog  EE.  and  Table  IX,  Dog  EX.  and 
FA.).  The  lengthening  and  the  shortening  when  it  occurs,  is  of  trifling 
amount,  namely  a  few  thousandths  of  a  second.  The  lengthening  is  not 
maintained,  the  succeeding  cycle  fails  to  show  it  except  in  rare  instances. 

The  conjoined  cycles.  The  length  of  forced  and  returning  cycle  together, 
or  as  we  term  them,  the  conjoined  cycles,  is  not  materially  different  in  auricle 
and  ventricle,  though  usually  somewhat  longer  in  the  ventricle.  This  relative 
lengthening  in  the  ventricle  is  evidentlj'  due  to  the  customary  increase  of 
the  returning  As-Vs  interval.  If  the  returning  interval  is  decreased,  the 
conjoined  cycles  are  longer  in  the  auricle.  In  none  of  our  experiments  have 
we  discovered  the  conjoined  cycles  to  be  ec^ual  in  length  to  two  initial  cycles, 
except  under  the  special  circumstances  \\here  no  forced  ventricular  beat 
occurs,  a  condition  hereafter  considered.  Evidently  since  the  returning 
cycle  remains  of  almost  constant  length,  the  conjoined  cycles  vary  in  duration 
mainly  according  to  the  length  of  the  forced  cycle.  The  returning  cycle  may, 
it  is  true,  almost  comjjcnsate  for  the  short  forced  cycle  when  the  forced  beat  is 
late  in  diastole,  even  though  the  latter  finds  response  in  the  ventricle.  Thus  in 
Table  III,  Curve  18226,  the  figure  for  the  conjoined  cycles  in  the  ventricle  is 
1-3395,  while  the  two  initial  cycles  total  1-3419  seconds.  Here  the  difference  is 
but  two  thousandths  of  a  second,  and  it  is  evident  that  had  the  forced  beat 
been  still  less  premature  the  figures  might  have  been  ec|ualised.  But  we  regard 
the  term  compensatory,  ajiplicd  to  anj-  such  phenomenon  (Hering,  Rothberger 
and   Winterberg),  as  unfortunate,*  since  such  restoration  of  the  original 

*  The   compensation   witnessed   in   these  experiments   may    possibly   be   attriljuted   to   the 
non-section  of  tlie  vagi. 
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rhythm,  if  it  occurs,  comes  about  in  a  totally  different  manner  to  that 
described  by  Engelmann,  in  observing  the  effect  of  ventricular  extrasysloles 
upon  S-A  rhythm.  It  would  not  be  due  to  the  control  of  the  length  of  the 
returning  cycle  by  a  dominant  rhythm,  but  to  a  balance  between  it.s 
lengthening  and  the  shortening  of  the  forced  cycle  ;  the  former  being  almost 
constant  in  a  given  animal,  the  balance  is  clearly  a  matter  largely  of 
coincidence.  The  possible  restoration  of  the  original  rhythm  in  this  manner, 
if  it  occurs,  should  not  deflect  attention  from  the  essential  question,  the  length 
of  the  returning  cycle  as  opposed  to  that  of  the  conjoined  cycles. 

Of  compensatory  pauses. 

During  S-A  rhythm.  As  we  have  already  stated,  amongst  our  curves,  we 
find  no  instances  in  which  the  conjoined  cycles  are  equal  to  two  initial 
cycles,  with  a  few  solitary  exceptions.  These  are  all  disturbances  in  which 
the  forced  beat  has  fallen  late  in  diastole.  We  publish  two  of  our  examples. 
The  first  is  seen  in  Fig.  6.     Here  the  forced  auricular  cycle  (as  measured 
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from  excitation  signal  and  actual  onset  of  P)  is  -3514  seconds  ;  the  returning 
auricular  cycle  is  -3744  seconds.  The  initial  cycles  average  -3603  seconds. 
The  major  events  are  clear  upon  close  examination  of  the  curve.  The 
auricular  summit  P  of  the  forced  beat  is  of  unusual  form  ;  it  is 
transitional  between  the  normal  P  for  this  animal  and  the  P  excited  from 
the  inferior  cava  (see  Fig.  5).  The  forced  beat  \\liich  occurs  late  in  diastole 
has  fallen  one  hundredth  of  a  second  earUer  than  the  point  at  which  the 
natural  beat  is  expected  ;  we  have  seen  that  in  this  animal  the  probable 
transmission  time  from  inferior  cava  to  pacemaker  is  three  hundredths  of  a 
second  (page  341)  ;  insufficient  time  has  elapsed  for  it  to  anticipate  the 
natural  beat  at  the  pacemaker  and  consequently  two  waves  of  contraction 
have  been  jiropagated  and  have  met  in  the  auricular  walls  ;  hence  the  shape 
of  the  electric  complex  ;  and  hence  the  compensation,  for  impulse  formation 
in  the  S-A  node  has  remained  undisturbed.  We  say  undisturbed,  but  as  a 
matter  of  fact  it  is  very  shghtly  delayed,  for  there  is  in  reality  a  little  over- 
compensation. To  this  overcompensation  we  shall  refer  again,  trifling 
though  it  be.  It  is  of  interest  to  observe  that  although  the  forced  beat  in 
question  failed  to  affect  the  sino-auricular  node,  it  has  affected  the  ventricle, 
for  the  corresponding  ventricular  beat  is  premature  also. 

For  comparison  with  this  curve  we  give  another  from  the  same  animal 
(Fig.  7).  Here  again  we  are  dealing  with  a  beat  forced  from  the  inferior 
cava,  but  (again  as  calculated  from  the  excitation  signal)  it  starts  at  almost 
exactly  the  same  instant  as  the  expected  natural  beat.  That  is  to  say,  it 
starts  a  little  later  than  tlie  forced  beat  of  the  last  figure  ;  the  corresponding 
electric  curve  consequently  resembles  the  natural  P  more  closely,  for  the  forced 
contraction*  wave  has  had  less  start  over  the  pacemaker  contraction  wave. 
Like  the  forced  beat  of  Fig.  6  it  has  failed  to  reach  the  pacemaker,  but  as 
opposed  to  the  last,  it  has  also  failed  to  affect  the  ventricle,  whose  beat 
falls  at  the  natural  time.f  It  is  to  be  noted  that  the  succeeding  ventricular 
cycle  is  prolonged  ;  true,  the  increase  is  \\  ithin  our  maximal  error  of  measure- 
ment, but  in  such  disturbances  the  difference  is  always  in  the  direction  of 
lengthening.     We  are  content  at  present  to  record  the  fact. 

During  A-V  rhythm.  A  comparison  of  the  curve  which  we  now  give 
(Fig.  8)  with  those  of  such  figures  as  Fig.  3  and  4  should  make  it  clear  why, 
when  premature  auricular  contractions  disturb  an  A-V  rhythm,  there  is  no 
great  range  in  the  lengths  of  the  forced  ventricular  cycles.  Conduction  being 
in  the  forward  direction  throughout  for  such  forced  beats,  the  forced 
ventricular  cycle  can  never  be  so  short  as  the  forced  auricular  cycle.  There 
is  a  difference  in  the  range  of  lengths  of  the  corresponding  cycles  for  another 
reason  ;    a  forced  auricular  beat  may  occur,  as  Rothberger  and  Winterberg 

*  More  correctly  excitation  wave,  but  it  is  convenient  to  speak  of  events  in  terms  of  contraction 

t  Judged  by  P-R  intervals  in  other  curves  from  the  same  animal,  transmission  to  the  A-V 
node  should  be  more  rapid  when  the  wave  starts  at  the  inferior  cava  than  when  it  stsuiis  at  the 
iS-^  node.     We  are  consequently  unable  fully  to  account  for  the  events  of  this  curve. 
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have  stated,  so  late  in  diastole  that  when  it  reaches  the  A-V  tissues  it  finds 
them  refractor}-.  In  these  circumstances  the  returning  ventricular  cycle 
should  be  compensatory.  We  have  not  found  it  exactly  so.  In  Fig.  8 
it  is  less  than  compensatory  by  seven  thousandths  of  a  second,  and  this 
value  is  well  outside  our  maximal  error  for  this  animal.  The  restored 
auricular  cycles  also  show  shortening,  though  in  less  degree.  A  precisely 
similar  shortening  of  compensation  is  seen  in  each  of  our  tabulated  curves 
(Table  VI). 

We  may  not  be  able  satisfactorily  to  account  for  this  constant  change, 
any  more  than  we  may  be  able  to  account  for  the  reverse  change  where 
forced  auricular  beats  fail  to  reach  the  sino-auricular  node,  but  they  serve 
definitely  to  show  that  although  a  forced  contraction  spreads  over  a 
limited  area  of  the  heart  and  does  not  actually  reach  the  point  from 
which  impulses  are  generated,  yet  these  forced  beats  may  affect  impulse 
formation  in  the  dominating  centre.  We  shall  have  occasion  to  note 
further  examples  of  this  phenomenon. 


The  origin  of  restored  beat^. 

When  A-V  rhj-thm  is  disturbed  by  forced  contractions,  the  restored 
beats  show  certain  changes  which  we  have  noted  already.  The  most 
noticeable  event  is  a  lengthening  of  the  first  As-  Vs  interval.  This  lengthening 
has  been  discussed  and  we  regard  it  as  the  result  of  simple  conduction  change. 
This  ^new  is  based  largely  upon  the  gradual  change  from  longer  interval  to 
the  original  interval  which  occurs  in  some  animals  (see  Fig.  21).  From  time 
to  time  and  especially  when  the  coohng  of  the  S-A  node  is  not  great,  another 
change  is  witnessed.  It  consists  in  the  escape  of  the  S-A  node.  An  example 
is  shown  in  Fig.  10.  The  first  forced  beat  is  followed  by  such  an  escape,  after 
an  interval  of  1-0735  seconds,  and  this  despite  the  length  of  the  initial  cycle 
which  is  1-2690  seconds.  Curiously  the  second  forced  beat  of  the  same 
figure  is  followed  by  an  atrio-ventricular  contraction,  although  the  returning 
cycle  measures  1-3562  seconds.  It  is  evident  that  the  rate  of  impulse 
formation  in  the  nodes  has  not  remained  constant,  but  that  it  has  been 
disturbed  by  the  occurrence  of  the  forced  beats.  The  more  premature  beat 
has  quickened  the  S-A  rhythm  sufficiently  to  prevent  its  escape  ;  yet  this 
quickening  is  but  temporary,  for  immediately  afterwards  an  A-V  beat  is 
preceded  by  a  pause  of  1-3415  seconds.  We  have  seen  numerous  examples 
of  similar  changes  in  the  rates  of  impulse  formation  and,  as  illustrated,  they 
may  follow  single  beats  forced  from  auricle  or  ventricle.  And  the  escajie 
may  not  be  confined  to  a  single  cycle,  it  may  occur  as  in  Fig.  9  and  14  for 
several  successive  cycles  ;  ultimately  the  A-V  rhythm  is  always  restored. 
The  escape,  too,  is  not  confined  to  the  S-A  node,  it  may  be  from  other 
centres  which  we  are  unable  accurately  to  locate.  The  reason  of  such 
escapes  we  shall  consider  more  fuUy  in  the  sequel. 
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3.     The  effects  of  premature  ventricular  contractions  upon 

a-v  rhythm. 

Hering  and  Rothberger  and  Winterberg  have  already  recorded  certain 
of  these  effects  ;  we  shall  describe  the  disturbances  in  more  detail.  In 
these  experiments  we  have  adopted  a  single  point  of  ventricular  stimulation, 
namely,  the  infundibulum  of  the  right  ventricle. 

In  A-V  rhythm  the  disturbances  which  happen  in  the  heart  when  the 
ventricle  is  excited  (Fig.  11  to  14)  may  be  said  to  be  similar  to  those  which 
occur  when  the  stimulation  is  auricular,  if  \\c  may  regard  the  heart  beating 
in  this  fashion  as  consisting  of  two  similar  chambers  A  and  V,  lying  on 
opposite  sides  of  the  A-V  node,  but  with  similar  relations  to  it.  At  all 
events  this  statement  is  true  for  the  major  changes.  The  forced  cycle  in 
the  ventricle  is  controlled  in  its  length  by  the  position  of  the  forced  beat,  and 
this  is  governed  by  the  moment  of  excitation.  In  most  instances  the  forced 
ventricular  beat  creates  an  auricular  response,  just  as  the  forced  auricular 
beat  creates  a  ventricular  response.  The  length  of  the  forced  cycle  in  the 
auricle  is  fixed  by  the  moment  of  excitation  in  relation  to  the  last  auricular 
beat  and  by  the  length  of  the  forced  Vs-As  interval. 

Table  VII. 
A-V  RHYTHM.     Stimulation  of  right  ventricle  (single). 

Initial  Cvdes.             F"lcfil       Returning       Resloicd  Cycles. 
nog.  , ■ .        Cycle.  Cycle.     . • ~ 


EC.  P-P  -4704    -4732    •4371    -4782    -4771    -4720    -4722    -4727 
(1748)  PR    +-0427  +-0417  +-0401  — 0822  +-0373  +-0378  +-040(>  +-0408  +-0415 

R-R         -4094    -4716    -3148    -5977    -4776    -4748    -4724    -4734 

ED    P-P  -7591    -7593    -6133    -7791    -7093    -7601 

(1778)  PR    +03O.5  +-0338  +-0.354  — 1.588  +-0327  +-0352  +-0351 
R-R         -7574    -7609    -4191    -9706    -7718    -7600 

ED.  P-P  -7001   -7549    -6555    -7690    -7009    -7665    -7452 
(17786)  P-R    +0352  +-0351  +-0343  — 1571  +0315  +-0347  +0330  +-0354 

R-R         -7000   -7541    -4641    -9576   -7041    -7648   -7470 

EE.  P-P  -0518    -6517    -5405    -6909    -0431    -6515    -0498 
(1805)  PR    + -0.591  +-0549  +-0594  — 0958  + -0507+ -0572   +-0599  +-0568 

R-R         -0470    -6562    -3853    -8374    -0490    -0542    -6407 

-7039    •0636    -6620 
-0907  +-0536  +-054S  +-0555 
-8542    -6048    -6027 

EE.    P-P         -6030   -6620   -6389   -6674   -6664   -6626   -6656 
(1791i)  PR    +0530  +.0548  +-0555  — 0929  +-0552  +-0.570  +-0597  +-0590 
(Fig.  12)7?-^?-    0048    -6627    -4905    -8255    -0682    -6653    -6649 

EZ.    P-P  -5925    -5904    -5676    -6084    -5942    -5939    -5902    -5908 

(2175)  P-R    +-0328  +-0329  +-0.331  — 0809  +-032S  +-0330  +-0324  +-0324  +-0324 
R-R  ^iliO    -5906    -4536    mX         -5944    -5933    -5902    -5908 

The  forced  Vs-As  interval.     In  the  case  of  auricular  extrasystoles,  we 
are  able  to  give  very  accurate  measurements  ;    in  the  case  of  ventricular 
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extrasystoles  we  speak  with  more  reserve  in  regard  to  the  lengths  of  certain 
intervals  and  cycles.  For  the  forced  auricular  contraction  is  represented 
by  an  electric  complex  which  is  buried  in  the  electrocardiogram  of  the  forced 
ventricular  beat.  It  is  not  always  possible  to  identify  this  auricular  complex  ; 
it  is  but  occasionally  that  its  onset  can  be  estimated  accurately.  The 
electric  complex  of  the  auricle,  responding  on  the  one  hand  to  a  nodal  impulse, 
on  the  other  to  a  retrograde  impulse  from  the  ventricle,  appears  from  a 
selection  of  our  curves  to  be  of  constant  form.  In  some  instances,  therefore, 
we  are  able  to  choose  a  notch  or  j^eak  upon  the  retrograde  comj^lex  and 
identify  it  with  a  similar  notch  or  j^eak  upon  the  nodal  auricular  complex 
(Fig.  12  and  14).  In  doing  so  we  are  guided  to  some  extent  by  the  intra- 
auricular  distance  as  measured  in  the  mechanically  written  curve.  Each 
series  of  curves  has  to  be  regarded  upon  its  intrinsic  merits  and  while  we  are 
of  opinion  that  the  tabulated  measurements  which  we  publish  are  as  accurate 
expressions  as  may  be  of  the  occurrences,  we  are  somewhat  more  diffident  in 
the  conclusions  which  we  draw  from  them,  because  of  the  difficulty  in 
recognising  the  onset  of  the  forced  auricular  beat  with  certainty.  The 
main  events,  however,  are  perfectly  clear. 

In  these  experiments  we  find  no  conclusive  evidence  that  forced  Vs-As 
intervals  are  longer  than  forced  As-Vs  intervals.  We  have  seen  that  the 
lengths  of  forced  As-Vs  intervals  vary  according  to  the  site  of  stimulation 
of  the  auricle  ;  we  may  assume  a  similar  variation  in  Vs-As  intervals  forced 
from  various  ventricular  points.  The  duration  of  forward  or  backward 
conduction  cannot  be  satisfactorily  comjDared  by  our  present  methods  ; 
especially  is  this  true  if  the  measurements  are  undertaken  in  mechanical 
curves  ;  for  the  As-Vs  or  Vs-As  interval,  at  the  case  may  be,  exjsresses  not 
only  the  conduction  interval  in  one  or  other  direction  but  the  distance  of  the 
point  stimulated  from  the  conducting  tissues,  and  also,  in  the  case  of  mechani- 
cal curves,  the  distance  of  these  tissues  and  the  point  of  excitation  from  the 
recording  levers.  We  are  convinced  that  these  factors  are  by  no  means 
immaterial.  We  are  also  unable  to  arrive  at  any  final  conclusion  as  to  the 
effect  of  i^rematurity  of  the  forced  beat  upon  the  length  of  the  forced  Vs-As 
interval.  We  do  not  consider  our  measurements  to  be  sufficiently  rehable 
in  this  respect. 

The  returning  ventricular  cycle.  This  cycle  is  the  longest  of  the 
disturbance.  Compared  with  the  returning  auricular  cycle  it  is  longer  by 
the  sum  of  the  forced  Vs-As  and  the  returning  As-Vs  interval.  Its  length 
is  controlled  by  these  intervals  and  by  the  same  factors  which  influence  the 
returning  auricular  cycle,  which  we  may  proceed  to  discuss. 

The  returning  auricular  cycle.  The  length  of  this  cycle  evidently  most 
closely  corresponds  to  the  interval  elapsing  between  the  disturbance  of  the 
A-V  node  and  the  completion  of  the  next  A-V  impulse.  It  re^^resents  this 
internodal  interval  accurately,  if  conduction  is  at  the  same  rate  from  node 
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to  auricle  for  the  two  beats  which  bound  it.  And,  as  in  the  case  of  forced 
auricular  beats,  such  divergence  as  might  be  expected  would  be  in  the  direction 
of  shortening  of  the  inter-auricular  cj'cle  ;  for  the  forced  Vs-As  interval 
should  be  relatively  longer,  in  virtue  of  its  prematurity.  As  a  matter  of  fact, 
the  inter-auricular  cycle  has  been  longer  than  the  initial  cycle  by  a  few 
hundredths  or  thousandths  of  a  second  in  all  but  one  instance  (Table  X, 
Curve  2196). 

The  returning  As-Vs  interval.  We  have  been  able  to  detect  no  constant 
change  in  the  length  of  this  interval  as  compared  with  the  initial  intervals  ; 
there  is  more  often  shortening  than  lengthening. 

The  restored  cycles.  The  first  restored  cycle  is  usually  lengthened  by  a 
few  thousandths  of  a  second,  but  sometimes  it  is  shortened. 

The  conjoined  cycles  in  the  auricle  have  never  been  ecpial  to  two  initial 
cycles,  except  when  the  forced  ventricular  contraction  has  failed  to  reach  the 
auricle.  The  returning  auricular  cycle  may  be  almost  compensatory,  as  is 
the  case  in  the  ventricle  ^\•hen  auricular  contractions  are  forced.  The  two 
cycles  are  most  nearly  compensatory  when  the  forced  contraction  comes  late. 

Of  compensatory  pauses. 

When  the  forced  ventricular  beat  comes  so  late  in  diastole  that  its 
retrograde  impulse  finds  the  node  refractory,  there  may  be  compensation  in 
the  true  sense  of  the  term  (Fig.  11).  This  phenomenon  has  been  witnessed 
by  Hering  and  Rothberger  and  Winterberg.  We  find  some  over- 
compensation by  a  few  thousandths  of  a  second.  The  rate  of  A-V  nodal 
discharge  is  affected  although  the  forced  contraction  wave  from  the  ventricle 
does  not  reach  this  node.  A  disturbance,  similar  in  some  respects,  was 
referred  to  under  the  effects  of  forced  auricular  contractions,  but  the  direction 
of  the  change  is  different.  \\'ith  forced  ventricular  beats  the  nodal  discharge 
slows,  Avith  forced  auricular  beats  it  quickens  ;  such  at  all  events  is  our 
experience  of  compensatory  beats.  A  curious  example  of  compensation 
is  seen  in  Fig.  13.  If  this  figure  is  compared  with  Fig.  14  from  the  same 
animal,  a  conspicuous  difference  will  be  noted  in  the  complexes  of  the  forced 
ventricular  beats.  Yet  stimulation  was  applied  at  the  same  ventricular 
point  in  each  instance.  In  Fig.  13  the  ventricular  complex  is  transitional 
between  the  usual  complex  and  that  following  stimulation  of  the  infundibulum 
in  this  animal  (Fig.  14).  The  forced  beat  is  premature  by  but  a  few  thousandths 
of  a  second.  A  contraction  starts  at  the  point  of  stimulation,  but  already 
an  impulse  is  well  on  its  way  to  the  ventricle  from  the  A-V  node  ;  in  the 
original  curve  the  beginning  of  the  usual  auricular  complex  can  be  seen 
distinct!}',  imm.ediatel}'  before  the  abrupt  upstroke  of  the  ventricular 
electrocardiogram.  The  two  ventricular  waves,  the  one  following  normal, 
the  other  abnormal,  channels,  meet  in  the  ventricular  walls. 
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Table  VIII. 

(Compensatory  Beats).  .4- F  rhythm.  STiMrLATiox  of  right  ventricle. 

Initial  Cycles.           Forced      Returning       Restored  Cycles. 
Dog.  , •— V     Cycle.  Cycle.      . ' , 


EC  P-P  -4645        -4647        -4640        -4710        -4654        -4674        -4648 

(1749)    PR  +0309    +-0400    +-0393    — 0215    +0401    +0382    +-0357    +-0387 

R-R  -4646        -4640        -4032        -5326        -4635        -4649        -4678 

EE.        P-P  -6408        -6485        -6487        -6508        -6485        -6491 

(1805)    PR  -0568        -0574        -0592         0083        -0571        -0568        -0570 

(Fig.  ll)i?-R  -6474        -6503        -5978        -0996        -6482        -6493 

The  same,  but  with  the  two  excitation  waves  meeting  in  the  ventricle. 
EZ.         P-P  -5636        -5670        •5035        -5008        -5679        -5039        -5057      -5670      -5694 

(2179)     PR    -0307         0313         0298         0309         0159         0299         0313      -0314      -0299       0290 
(Fig.  13)fi-/J  -5642        -5655        -5646        -5518         -5819        -5653        -5658      -5655      -5691 

FB.         P  P  -4098        -4055        -4101         -4077        -4098        -4057      -4093      -4076 

(2213)     PR  +-0313    +-0324    +-0350   — 0048    +-0313    +-0308 +0339 +  0304 +0319 

PR  -4109        -4081         -3703         -4438        -4003        -4088      -4058      -4091 

Discussion  and  further  observations. 

We  have  seen  that  the  length  of  the  returning  cycle,  whatever  its  origin, 
is  mainly  controlled  by  the  rate  of  impulse  formation  in  the  dominant  centre. 
AVe  have  also  seen  that  when  A-Y  rlu'thm  is  disturbed,  the  cycle  is  usually 
slightly  longer  than  an  initial  cj'cle.  In  this  connection  it  is  a  matter  of 
indifference  whether  the  forced  contraction  comes  from  aiu'icle  or  ventricle. 
It  has  been  stated  too,  that  this  customarj^  lengthening  cannot  be  due  to 
alterations  in  the  conduction  of  impulses  from  node  to  auricle,  or  node  to 
ventricle  as  the  case  may  be,  for  such  changes  A\ould  tend  to  produce 
shortening  and  not  lengthening  of  the  returning  cycle.  In  the  hope  of 
ascertaining  the  cause  of  the  usual  lengthening,  we  have  studied  the  effects 
of  rhj'thmic  stimulation  of  auricle  or  ventricle  upon  the  returning  and 
restored  cj'cles  in  the  same  animals. 

Effects  of  rhythmic  stimulation.  We  find  that  the  after  effects  of  rhythmic 
stimulation  to  be  most  inconstant  from  animal  to  animal,  and  to  be  extremely 
complex  in  one  and  the  same  animal.  The  lengths  of  the  first  few  restored 
cycles  are  usuaUy  reduced  by  several  hundredths  of  a  second  ;  that  is  to  say 
the  re-awakened  A-V  rhythm  is  faster  than  before  the  disturbance.  This 
fact  is  well  iUustrated  in  Table  IX.  Moreover  it  is  the  rule  to  find  the  rate 
decreasing  as  the  rhythm  becomes  restored  (Fig.  16,  18  and  19),  until  the 
previously  estabhshed  rate  is  resumed  (see  Table  IV).  In  this  respect  A-V 
rhythm  contrasts  with  the  so-called  idioventricular  rhythm,  which  at  its 
development  is  slow  and  increasing  in  rate  as  it  developes.  In  a  few 
exiseriments  we  have  seen  no  alteration  of  rate  as  a  result  of  the  disturbance. 
In  two  exceptional  instances  (Fig.  17)  we  have  seen  a  slower  rliythm  of 
development  with  a  subsequent  increase  of  rate,  but  in  one  of  these  the 
ventricle  was  exhibiting  alternation.     In  other  experiments,  while  the  actual 
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rate  at  development  was  liigli,  there  was  at  first  gradual  quickening  and 
eventually  slowing.  The  duration  and  rate  of  the  rhythmic  stimulation 
ax)pears  to  have  no  decided  influence  upon  the  events. 

The  returning  cycle  is  as  a  rule  increased  in  length,  as  compared  to 
initial  cycles  ;  rhythmic  stimidation  is  usually  followed  in  these  animals  by 
an  A-V  rhythm  whose  rate  is  enhanced  but  which  is  slowing.  The  returning 
cycle  after  a  solitary  excitation  may  be  reduced  in  length,  but  these  are  not 
necessarily  the  experiments  in  which  rhythmic  stimulation  accelerates  the 
dominant  rhythm.  That  the  altered  rate  at  vfhich  A-V  impulses  are  elabor- 
ated, subsequent  to  rhythmic  stimulation,  influences  the  length  of  the  cycle 
returning  after  such  rhythmic  stimulation  would  seem  natural.  Nevertheless 
we  have  not  been  able  to  show  that  such  influence  is  material ;  on  the  contrary 
our  evidence  is  against  its  being  so.  Studying  the  lengths  of  the  returning 
cycles  following  rhythmic  stimulation,  we  find  that  they  are  usually  reduced 
in  length  as  compared  to  the  returning  cycle  which  follows  a  single  forced 
beat ;  a  good  example  is  seen  in  Fig.  15  where  two  foi'ced  beats  are  followed 
by  a  shorter  returning  cycle  than  is  a  single  beat.  But  we  have  also  seen 
instances  where  the  returning  cycle  after  rhythmic  stimulation  was  longer 
than  that  following  a  single  forced  beat,  and  yet  the  restored  cycles  after 
rhythmic  stimulation  were  at  an  enhanced  rate.  The  effects  of  rhythmic 
stimulation  fail  to  explain  a  lengthened  returning  cycle  in  vagotomised 
animals. 

In  one  experiment,  a  rhythm  of  apparently  high  nodal  origin  was  dis- 
turbed by  rhythmic  ventricular  beats,  excited  as  usual  from  the  conus.  These 
ventricular  beats  failed  to  affect  the  dominant  rhythm  (Fig.  20  and  Table  XI), 
and  the  auricle  continued  to  beat  in  response  to  the  dominant  impulses. 
There  was,  for  the  time  being,  complete  dissociation.  Yet  the  rate  of  these 
dominant  impulses  rose  during  the  stimulation  and  in  some  instances 
continued  to  rise  subsequent  to  the  termination  of  stimulation  ;  eventually 
they  fell  back  to  the  previous  rate.  The  influence  of  rhythmic  stimulation 
may  be  an  indirect  one  as  this  experiment  shows,  and  is  not  necessarily  the 
result  of  contraction  waves  reaching  the  dominant  focus.  These  effects 
are  comparable  to  the  slight  disturbance  of  accurate  compensation  where  a 
forced  auricular  beat  fails  to  reach  the  ventricle  or  where  a  forced  ventricular 
beat  fails  to  reach  the  auricle. 

In  many  experiments  rhythmic  stimulation  has  resulted  in  alterations 
in  the  rate  at  which  other  centres  elaborate  their  impulses  ;  notably  the 
sino-auricular  node.  A  succession  of  rhythmic  contractions  forced  from 
auricle  or  ventricle  may  lead  at  its  termination  to  the  temporary  dominance 
of  the  sino-auricular  rhythm  (sec  Fig.  18  and  Tables)  by  increasing  the  rate 
of  impulse  formation  at  the  natural  pacemaker.  The  first  few  beats  of  the 
restored  rhythm  are  from  the  sino-auricular  node,  beating,  considering  its 
continued  cooled  condition,  at  an  unnaturally  great  rate  ;  this  rhythm  slows, 
and  eventually  the  A-  V  node  resumes  its  sway  but  also  at  an  enhanced  rate, 
which  subsequently  slows.     We  have  seen  precisely  similar  changes  in  the 


356 


LEWIS    Ai\/J     WHITE 


X 


Eh 


o 
o 
►a 


> 


O 

o 

p 

n 

1-1 

CJ 

!?; 


s 


-r  t-  T 

o 
o 

50        r-l 

t^  rz  r» 


o  ^  o 


0»       t~       o 

^  S "?    ■*  -  "^ 

o 


C^    05         IC    CO 

O   O        c:   © 


>o_  to 

^  Zh  ^ 


o 
o 


o 


1-H     I    (N        N 
-*        M        C5 


o 
o         o 


o 


05         ^ 

CO  .«  »C 

-*  ^  CO 


o     g 


co'-^  c;? 


^    X  ? 


o 


»1>         -M 

CO       o 
O  .^  c: 

e95« 


^£^ 


1-50 


^S 


CO         00 


C5         ^  -H 


U5   M        IH   x 
CO  ©       CO  o 


00  o 


OT 

o 


o 

00 


CO  X       C4  ix 
00  o      01  o 

«n   y  "+  en   r 


O 


CO        00 
Sg5 


a,  a;  =5 


w£ 


xi2 


ft,    0305 

ft,      01.05 


H« 


a^    a;a; 
ft,    ft.ft, 


o 


10    ■* 

o      — 

eo^  CO 


O 


a,  ft!  as 
ft,  ft,  a; 


.00 


PRE  M  AT  U  RE    C  0  y  T  R  A  C  T  I  0  .V  S 


357 


—  rt 


00 
03 

r- 
a 


00 

GO 

G4 

««  N 

■* 

»!? 

e» 

o 

o 


o      « 
rt ,- 1^ 


1-1     n 


00  — t 


¥    ?J 


"*  2"* 


^ 

a 

o 

m 

CO 

§ 

o 

o 
>> 

iH 

— ^ 

1.-:^ 

o 

U3 

'* 

S 

00 

■*  ^ 


CD    S         CS    CO 


«       c:       00       t- 
iH  ^  OC         00  _  -N 


l2     = 


a,    a;55 


a.a;aj 


O       =: 


00      c 
OS       = 


Ss^ 


— <      o 
"?§■? 

00 

o 


a!,e;,ai 


ip    pi-p 


a,    eje? 


¥S? 


^2' 


CO ^  ^    I   »o 


a,    ftift? 


iai 


S»3 

CO 

o 

■4310 
116 
•4321 

Q,««a; 


«        CO 
O5_00 


0,63*5 


fi.    sea; 


0,    c,a; 


S     a 


e,a,s; 


aS 


a,a,2e 


H2. 


.O 


2  a 


a,    a,03 


o 


a,    0,05 


0,0,0; 


feiS. 


0,0,0; 


o 


358 


LEWIS    AND     WHITE 


> 

w 
<o 

O 

U 
m 

a 
o 


t-  ^-  00 

^  -J(  ^ 

U2  QO  lO 

o  • 


O  lO  o 

IC  OO  lO 


.+- 


CS  t~-  00 
'^j'  O  '(t* 
lOOD  lO 

o  • 

CD  O  to 
rj*  00  -* 
lO  00  lO 

O  • 

QO  00 
00  O  O 
■^  O  O 
O  00  O 

•  o  • 


<;    a 


Pa 
o 

!z; 
o 

E- 
< 

& 

s 

t— i 
E- 

;/: 


g 

I 


-21 


.+, 


CC  W  CO 

'^  O  Tf 

ITS  00  lO 

■  o  • 

•MOW 
lO  ^  o 


QO 
O 

o  "*"■* 

o  ■<*<  cs 

O  00  Ci 

CO  oo  »o 
■  o  • 


c:  00  CI 
lO  00  o 

*  9  * 

T}<  (M  -* 
00  OO  00 
12  00  IC 

•  o  ■ 
— . .—  N 

CD  O  00 


--^       •  o  • 


+ 

CD  ClO 
■*  O  '^ 
lO  X  o 


« 


« 


+ 


gS 


t-       00 

O  CD  00 

O  OO 


IC  —  CO 

«  C-.  eo 
■  o  ■ 


o     a> 

v~  i-  U3 
X  :l  O 

u-  X  "O" 

•  o  ■ 

+ 

o     o 

o  >^  o 

O  :=  O 
:c  X  :c 

•  o  ■ 

+ 

CO        o 

o  r^  t^ 

c:  o  Ci 

ir:  X  ic 

•  o  ■ 

+ 

a,  a;  as 


CO         *"• 

CJ  O  Ci 


CD^CO 
OOO  00 
^^  CO  ■-« 
■^  CO  ■* 

■  9  * 

00  O  00 


CO  CO  '^ 
(M  C<I  (M 

Th  CO  ■* 

■  o  • 

„+» 

00  <N  O 

IC  o  t^ 

^  CO  »0 

•  o  • 


N  <M  ^ 

■^  CO  ^ 

■  o  ■ 
o+o 

OTf  O 

M  N  c^ 

^  CO  "^ 

■  9  " 

o      o 

-H  rt  O 
iM  CO  (N 

-<1^  CO  -* 

•  o  • 

■*  CO  tP 

-  o  • 

OS  (M 
-^t*  C5  t- 
COCi  ^ 
tM:-  lO 

•  O   ■ 


CO  ^-<t 

lO  CO  CO 

o  ^  o 

■^  CO  '^ 

•  o  • 

a  CD 
o  CD  c; 
Tf  ^  rf 
■^  CO  t|4 

•  O    * 


t-  :d  r- 

LO  —  i--^ 

■*  CO  -* 

•  o  ■ 


t-   '  o 

CD  CO  00 


CO         CO 
O  l>  o 

CC  OC5 
Tt<  00  o 

•  o  • 


O  (M  — ' 

'(i*  CO  '^ 

•  o  * 

=+^ 

«  X  o 
C)  —  <M 

•*  c^  ** 

■  ?  ■ 

00     '    « 

eo  rt  « 

(N  (N  ©^ 

-*  CC* 

•  o  • 

o      o 

o  o  ^ 

■»>  OO 
-*  CO  o 


-r  •>)« 

■  o  ■ 
+ 


+ 

«  N  <M 

-<t  5C  •<** 

•  o  • 

+ 

a,  05^5 


O  00 
OM  C2 
C)  ^  — 

■*  «  ^ 

•  o  ■ 

4- 

CO         « 

—  Til  O 

Tj*   «   -* 

•  o  ■ 

+ 


OS 


-  C  00 
^7  .-:  (M 


+ 


+ 
c*3  00  ■* 

•  o  • 

+ 


00 


o 


t^  Ti.  "^ 
r^  i>  t^ 

cc  t^  c^ 

A9A 


CO        00 


+ 


00        O) 

M  "*  -^ 

(N  —  N 


C3  ^ 


o   I  c: 
■*      o 


r^'Z  s-  '-3 
o 


04 

CO 


a.2  3  e 


"    >00io 

o 
o 


CO 

i        IN 
.  p— < 

a 
o 

CO 


CO 


c^ 


c     == 


o 


E,    fc;    « 
0,     (i.     a; 


PREMATURE    C  O  \  T  R  A  C  T  I  0  N  S  .  359 

case  of  centres  wliich  we  are  unable  accurately  to  locate  (Fig.  19)  and  similar 
changes  although  of  a  still  more  temporary  kind  may  occur  after  single 
forced  beats,  as  we  have  noticed.  We  ascribe  these  escapes  to  the  same 
indirect  quickening  of  the  escaping  centre  which  we  have  witnessed  in  the 
case  of  A-V  rhythm. 

Whether  the  reaction  described  is  a  sympathetic  reflex  or  whether  it 
is  due  to  bettered  nutrition  as  a  result  of  raised  heart  rate,  we  have  not 
attempted  to  determine.  Sufficient,  that  the  effects  of  rh\-thmic  stimulation 
fails  to  help  us  in  explaining  the  length  of  the  returning  cycle. 

We  may  turn  our  attention  to  the  lengths  of  the  restored  cycles  following 
single  forced  contractions.  When  S-A  rhj-thm  prevails,  these  restored 
cycles  are  almost  always  longer  than  initial  cycles,  but  as  we  have  said  there 
are  exceptions.  ^Tien  A-V  rhjrthm  prevails  they  are  usually  lengthened, 
but  frequently  there  may  be  shortening.  Neither  is  there  any  constant 
relation  between  reduction  or  increase  of  the  returning  cycle  and  reduction 
or  increase  in  the  length  of  the  restored  cycle.  We  are  forced  to  the  conclusion 
therefore  that  the  lengthening  of  a  returning  cycle  has  an  independent  cause 
and  we  apply  this  conclusion  not  only  to  A-V  rhythm  but  to  S-A  rhythm 
also.  In  the  latter  case  we  beUeve,  as  already  stated,  that  the  position  in 
which  the  forced  beat  arises  sufficienth*  accounts  for  lengthening,  in  the  case 
of  A-V  rhythm  such  an  explanation  does  not  hold,  for  we  do  not  judge  the 
length  of  the  returning  cycle  by  the  contractions  of  the  chamber  from  which 
the  forced  beat  comes.  If  a  forced  auricular  contraction  disturbs  an  A-V 
impulse  in  the  process  of  its  creation,  we  should  expect  the  subsequent 
impulse  to  be  formed  at  the  same  rate  ;  we  judge  of  rate  by  measuring 
the  interventricular  interval.  The  returning  cycle  is  found  generally  to  be 
long  by  comparison  with  initial  cycles,  a  similar  lengthening  may  be  found 
in  the  subsequent  cycles  ;  yet  the  causes  of  lengthening  in  the  returning  and 
restored  cycles  appear  to  be  distinct. 

Our  suggestion  of  the  cause  of  lengthening  in  the  returning  cycle  when 
it  occurs  is  put  forward  tentatively  ;  it  may  be  explained  if  we  suppose  that 
the  impulse  centre  is  not  immediately  upon  the  path  through  which  impulses 
pass  from  auricle  to  ventricle  or  ventricle  to  auricle  ;  that  it  lies  a  Uttle 
way  off  this  channel  and  that  a  httle  time  is  lost  while  the  impulse  is  traveUing 
to  it,  though  meanwhile  the  same  impulse  is  passing  on  to  stimulate  the  second 
main  heart  chamber.  The  chief  objection  to  this  h^iJothesis  is  that  it  leaves 
no  explanation  of  shortening  of  the  returning  cycle,  when,  as  exceptionally 
is  the  case,  this  shortening  occurs  ;  unless  the  centre  is  in  these  instances 
in  the  direct  path. 

FinaUj',  we  may  revert  to  the  question  of  the  returning  ^45- Fs  interval. 
When  we  deal  with  an  A-V  rhythm  in  which  the  As-Vs  interval  is  long  the 
returning  Js-Fs  interval  is  reduced  in  length.  This  reduction  of  interval, 
like  the  lengthening  of  interval  when  the  initial  -^4-s-Fs  intervals  are  short, 
occurs  although  the  pause  preceding  it  is  increased  only  by  a  few  thousandths 
or  a  few  hundredths  of  a  second.     Further,  we  have  recorded  instances  of 
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change  in  this  interval  where  the  preceding  pause  is  unaltered  or  very 
slightly  shortened  (for  example,  Curves  21616  and  2169,  Table  IX).  The 
changes  in  the  As-Vs  intervals  which  accompany  forced  heart  beats  are 
almost  universally  ascribed  solely  to  the  changing  periods  of  rest  which  the 
conducting  tissues  have  enjoyed.  In  the  light  of  our  observations  we  find 
this  view  insufficient  and  cannot  accept  it  in  its  entirety.  Changes  in  the 
returning  and  restored  As-Vs  intervals  are  often  conspicuous  at  the  ter- 
mination of  rhythmic  stimulation  ;  they  are  usually  more  pronounced  than 
after  single  interruptions.  The  direction  of  change  is  governed,  as  in  the 
case  of  single  beats,  by  the  lengths  of  the  initial  intervals.  After  a  number 
of  rhythmic  interruptions,  and  subsequent  to  a  returning  cycle  which  is 
conspicuously  shortened  (Curve  22026,  Table  IX)  the  returning  and  restored 
As-Vs  intervals  may  show  decided  shortening  under  suitable  circumstances. 
The  disturbing  beat  appears  in  itself  to  exercise  a  definite  influence  upon 
conduction  as  upon  other  functions  of  the  heart  ;  the  channels  through 
which  such  effects  are  produced  are  unknown  to  us  ;  but  it  seems  evident  that 
the  famiUar  formulae  of  rest  and  recovery  incompletely  explain  the 
phenomena  witnessed.  In  this  connection  we  may  remember  the  recognised 
and  profound  effects  which  interpolated  contractions  of  ventricular  origin 
exert  upon  the  succeeding  As-Vs  interval.  Curiously,  in  our  own  series 
interruptions  of  a  compensatory  character  have  left  this  interval  practically 
unchanged.  The  influence  whatever  it  may  be  is,  if  not  capricious,  at  least 
elusive. 


Conclusions. 

The  following  conclusions  apply  to  the  heart  of  the  dog  freed  from  central 
vagal  control. 

1.  Premature  contractions  arising  in  the  auricle  and  disturbing  an 
S-A  rhythm,  are  accompanied  by  changes  in  the  As-Vs  interval.  The  forced 
interval  is  lengthened,  the  returning  interval  is  shortened. 

2.  When  similar  premature  beats  disturb  an  A-  V  rh5'thm,  the  returning 
As-Vs  interval  is  lengthened,  providing  that  the  original  .4s- Fs  intervals 
are  conspicuously  short. 

3.  The  change  in  the  length  of  the  returning  interval  is  due 
in  both  instances  to  bettered  conduction,  the  difference  in  the  direction 
of  the  change  in  S-A  rhj-thm  and  A-V  rhythm  being  due  to  the  relative 
positions  of  the  automatic  centre  and  the  tissue  in  which  the  conduction 
changes  occur. 
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4.  The  tissues  whose  conduction  is  chiefly  affected  by  the  disturbance 
of  a  premature  contraction  are  the  A-V  nodal  tissues  or  tissues  in  their 
immediate  neighbourhood. 

5.  The  length  of  the  returning  cycle,  following  an  extrasystole,  is 
chiefly  controlled  by  the  rate  of  the  dominant  rhythm  which  such  extra- 
systoles  disturb.  The  excess  of  the  returning  over  the  initial  cycle  increases 
as  the  forced  beat  is  more  premature,  when  a  forced  auricular  beat  disturbs 
an  S-A  rhythm,  but  not  when  it  disturbs  an  A-V  rhythm. 

6.  In  the  case  of  ^4-1'  rhythm,  the  excess  is  usually  small,  minute  or 
absent.  That  is  to  say  the  length  of  the  returning  cycle  is  very  close  to  that 
of  an  initial  cycle. 

7.  It  is  the  rule  that  in  A-V  rhythm,  as  in  S-A  rhythm,  the  greater  the 
prematurity  of  a  forced  auricular  contraction  the  larger  is  the  returning 
ventricular  cycle.  This  observation  throws  doubt  upon  Wenckebach's 
hypothesis,  that  the  variation  in  the  length  of  the  returning  cycle  in  »S'-^-l 
rhythm,  results  from  variations  in  the  rate  of  conduction. 

8.  We  can  find  no  c^-idencc  that  extrasystoles  bj-  altering  the  rate  of 
the  dominant  rhythm  materially  influence  the  length  of  the  returning 
cycle. 

y.  In  A-  V  rhvthm  the  usual  after-eftect  of  rhythmic  stimulation  of  the 
heart  is  an  enhanced  but  reducing  rate  of  stimulus  production.  This 
effect  contrasts  with  that  witnessed  in  the  case  of  an  idio-ventricular 
rhj'thm. 

10.  A  forced  contraction,  or  series  of  such  beats,  may  influence 
the  rate  at  which  dominant  impulses  are  elaborated,  although  the 
forced  contractions  fail  to  travel  over  the  position  of  the  dominant 
centre.  This  effect  upon  rate  disturbs  perfect  compensation  of  the 
disturbance. 

11.  Compensation  does  not  occur,  except  as  a  rare  result  of  accidental 
balance,  unless  the  forced  contraction  wave  fails  to  reach  the  dominant 
centre. 

12.  It  seems  to  us  questionable  that  the  formulae  of  rest  and  recovery 
or  want  of  rest  and  recovery  completely  account  for  changes  in  the  As-Vs 
intervals  which  accompany  extrasystoUc  disturbances  of  an  otherwise 
regular  heart  action. 
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OBSERVATIONS    UPON    VENTRICULAR    HYPERTROPHY,    WITH 
ESPECIAL   REFERENCE   TO   PREPONDERANCE   OF   ONE   OR 

OTHER    CHAMBER. 

By  THOMAS  LEWIS.* 
{Cardiographic  Department,  University  College  Hospital  Medical  School). 

The  observations  contained  in  this  report  were  undertaken  from  a  special 
standjioint.  It  had  been  stated  by  Einthoven^  that  certain  variations  in  the 
form  of  the  human  electrocardiogram,  as  it  is  seen  in  his  three  leads  result 
from  hjqiertroph}-  of  the  left  or  right  ventricle,  respectively.  The  view  that 
preponderance  of  one  or  other  ventricle  may  be  recognised  by  means  of  these 
electrocardiographic  signs  seemed  to  me  acceptable  from  my  -general 
experience  of  patients  in  whom  the  heart  was  hypertrophied  ;  Einthoven's 
statement  seemed  to  obtain  confirmation  also  from  certain  special  observa- 
tions. For  in  a  series  of  cases  of  evident  mitral  stenosis,  or  in  a  series  of 
cases  presenting  signs  of  congenital  pulmonary  stenosis,  the  curves  of  a 
right-sided  preponderance  were  extremely  frequent.  In  conjunction  with 
Dr.  White,  late  Obstetric  Registrar  at  University  College  Hospital,  I  examined 
a  number  of  new  born  children,^  and  found  in  these  subjects  that  Einthoven's 
sign  of  right-sided  preponderance  of  the  heart  is  constant.  Moreover, 
in  extended  observations  upon  two  such  children,  we  saw  the  curves  gradually 
change,  until  they  presented  more  natural  relations  at  or  about  the  third 
month  of  extrauterine  life.  Since  Miiller*  has  conclusively  shown  right- 
sided  i^reponderance  in  the  new  born  child  and  its  gradual  decline  towards 
the  third  month,  the  evidence  in  favour  of  Einthoven's  statement  became 
stronger.  Nevertheless,  in  a  routine  examination  of  a  large  number  of 
cardiac  patients,  it  has  not  infrequently  happened  that  the  curves  obtained 
from  patients  in  whom  other  iili3'sical  signs  pointed  to  preponderance  of 
one  or  other  ventricle  disappointed  the  exj^ectations  raised  by  these 
signs.  Thus,  it  happened,  and  not  infrequently,  that  cases  of  evident 
mitral  stenosis  failed  to  show  the  sign  of  right-sided  preponderance,  or  that 
cases  with  evident  and  free  aortic  regurgitation  failed  to  j^resent  the 
electrocardiographic  sign  of  left-sided  ]>reponderance.  It  seemed  desirable 
consequently  that  more  extensive  observations  should  be  made  to  determine 
the  reasons  for  these  apparent  discordances. 

*  The  expenses  of  tliese  observations  Iia\-e  been  defrayed  by  grants  from  the  Royal  Society 
and  Graham  Researcli  Fund.  It  is  a  ]3leasure  to  thank  Dr.  Furness  of  Lambeth  Infirmary  for  his 
very  considerable  help,  given  to  me  in  collecting  the  material  upon  whieli  this  paper  is  based  ; 
without  his  aid  the  observations  would  scarcely  have  been  possible  ;  and  also  Dr.  Cotton,  of 
Montreal,  who  dissected  many  of  the  hearts  for  me. 
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Thoiagh  this  was  the  primary  object  of  the  research,  once  started  it 
quickly  extended  bej'ond  these  limits,  and  became  a  more  generalised 
inquiry  into  the  relation  of  hypertrophy  to  valvular,  renal  disease  and  high 
blood  pressure,  and  into  the  value  of  certain  physical  signs  generally  adopted 
as  tests  of  unilateral  increase  of  tiie  heart  muscle. 

It  was  not  until  that  portion  of  the  work  which  deals  with  muscle 
weights  had  progressed  for  some  while  that  I  became  aware  of  the  extensive 
work  of  Miiller  upon  somewhat  similar  hnes.  Becoming  famihar  with 
his  observations,  I  saw  no  reason  to  alter  my  technique,  which  provides 
a  more  convenient  and  exact  method  than  that  described  by  him. 
Our  observations  do  not  seriously  overlap,  but  where  they  do,  the 
comparison  is  serviceable,  because  it  shows  that  Miiller's  normal  weights 
may  be  taken  as  a  standard  whichever  method  is  adopted. 

Observations. 

Purely  dinical  observations. 

In  the  first  instance  I  collected  clinical  cases,  exhibiting  well-defined 
valve  lesions,  especially  mitral  stenosis,  aortic  disease  and  children  with 
signs  of  pulmonarj'  stenosis,  and  obtained  from  them  standard  electrocardio- 
grams. These  electrocardiograms  ^\•ere  measured  and  the  averages  of  each 
series  were  taken,  so  as  to  obtain  type  curves  for  the  several  forms  of  disease. 

The  general  results  of  this  investigation  are  found  in  Table  I  and  Fig.  1. 
(The  detailed  results  may  be  seen  in  Tables  II  to  VI).  The  first  table  gives 
the  average  electrocardiographic  measurements  of  the  several  deflections  in 
six  groups.  The  normal  series  is  taken  from  my  observations  with  Gilder,^ 
observations  which,  according  to  Kahn,'*  are  in  close  agreements  with  those 
of  other  observers.  The  chief  and  relevant  conclusions  of  these  observations 
may  be  stated.  In  mitral  stenosis  the  average  curve  (Fig.  1)  in  lead  / 
shows  a  diminution  of  R,  and  an  increase  of  S  ;  in  lead  1 1 1,  a  conspicuous 
increase  of  J?  and  a  decrease  of  S,  as  compared  to  the  normal.  This  is 
the  sign  of  right  ventricular  preponderance  under  discussion.  But  in  a 
number  of  my  cases  the  sign  was  not  exhibited,  and  in  a  number  it  was 
exaggerated.  In  aortic  cases  the  picture  is  reversed,  for  in  lead  I  B  is 
increased,  and  S  diminished,  while  in  lead  ///  i?  is  diminished 
and  S  is  increased.  These  changes  constitute  the  sign  of  left 
preponderance  under  discussion.  Yet  in  aortic  disease  there  were  even 
more  numerous  exceptions  to  the  rule  than  in  mitral  stenosis  and  on 
occasion  the   sign  of  right  preponderance  was  exhibited. 

In  the  congenital  heart  cases  diagnosis  was  of  necessity  less  certain, 
though  here  the  average  figures  (Table  I)  speak  for  a  much  greater  right-sided 
preponderance  than  in  mitral  stenosis.  I  have  written  briefly  of  these 
findings  in  my  recent  book  "  Clinical  Electrocardiography "  and  have 
illustrated  and  emphasised  the  fact  that  it  is  in  congenital  pulmonar\-  stenosis 
that  Einthoven's  sign  of  right  preponderance  is  most  fuUy  developed. 
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Table  II.     Mitral  Stenosls. 
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Table  II.     Mitral   stexosis — continued. 
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Table  III.     Aortic  eeguegitation. 
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Table  III.     Aortic  regurgitation — continued. 
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•5 

0 

4 

2-5 

0 

0 

17 

2 

1 

15 

0 

4 

0 

2 

0 

11* 

0 

7 

0 

1-5 

0 

1 

6-5* 

3 

0 

18 

•5 

■5 

2 

2 

•5 

0 

1 

■5 

10 

8 

1-5 

•3 

•5 

0 

5 

7 

1 

0 

19 

2 

0 

3 

1 

2 

0 

2* 

■5 

11 

5 

5 

•3 

1-5 

1 

8 

8 

3 

•3 

20 

1 

0 

9 

2 

1 

0 

1 

1 

19 

2 

1 

•3 

1 

1 

10 

2 

1 

0 

21 

2 

1 

11 

2 

3 

0 

3 

2 

22 

17 

5 

0 

2 

1 

10 

17 

3 

0 

22 

•5 

■3 

11 

0 

1 

0 

1* 

0 

10 

•3 

1 

0 

•75 

0 

1 

3* 

■3 

0 

23 

1* 

0 

8* 

2 

1-5 

0 

1-5 

0 

10* 

0 

—4 

0 

1 

4 

8* 

0 

-2-5 

0 

24 

1-5 

0 

26 

0 

— 4 

•3 

4 

0 

8 

9 

2 

0 

1 

0 

2 

26 

3 

0 

25 

1 

0 

7 

0 

1 

0 

2 

1-3 

10 

2-5 

2 

0 

1* 

1-5 

7 

4 

1 

0 

26 

1* 

0 

3-5* 

0 

•5 

0 

1* 

0 

14 

8 

2 

•5 

1-5* 

0 

10-5 

9 

1 

0 

27 

•5 

0 

10 

3-5 

— 1 

0 

•8 

1 

8 

6 

1 

0 

— 1* 

1 

2-5 

6 

■5 

0 

28 

1* 

0 

7* 

0 

•5 

0 

1-5* 

1 

2-5* 

5-5 

-1-5 

•3 

2-5* 

0 

8 

2 

-1-0 

0 

29 

1 

1-5 

14  + 

•5 

2 

0 

1-5 

'5 

15 

2 

2 

0 

— 1 

0 

2 

15 

■5 

0 

30 

1-5 

0 

10 

2 

2o 

0 

1 

0 

8-5 

1 

1-5 

0 

■5 

0 

9 

1 

2 

0 

31 

2 

0 

9-5 

0 

2 

0 

1-5 

2 

14 

2 

3-5 

0 

1 

1-5 

6-5 

2-5 

1 

•5 

Av. 

105 

0-54 

9-31 

1-37 

0-87 

0-Oi 

1-57 

0-62 

llti? 

3-57 

1-4(1 

Oil 

0-94 

0-01 

5-37 

5-79 

0-65 

COG 

Table  IV.     Mitral  regurgitation. 


Lead   /. 

Lead   //. 

LE.AD    ///. 

P 

Q 

R 

S 

T 

U 

P 

Q 

R 

S 

T 

U 

P 

Q 

R 

S 

T 

u 

1 

1* 

0 

7 

1-5 

1 

0 

45 

5 

2  0 

5 

4 

0 

5* 

5 

17 

8 

3 

0 

2 

1* 

0 

13 

0 

•5 

0 

1* 

0 

7 

3.. 

•3 

0 

1-3* 

0 

1 

10 

•3 

0 

3 

1* 
1* 

0 

11 

2 

2-5 

•3 

2* 

0 

14 

3 

4-5 

•3 

1* 

0 

6* 

0 

2 

•3 

4 

0 

11* 

0 

1-5 

0 

1* 

0 

12* 

0 

1 

0 

•5* 

0 

4* 

4 

— 5 

0 

5 

•5* 

0 

12 

0 

1 

0 

1-5* 

0 

14 

4 

2 

•3 

•5* 

0 

5* 

5* 

1 

0 

6 

1 

0 

8-5 

7 

2 

0 

1-5 

1 

14 

4 

3-5 

■3 

•3 

2 

10 

0 

1 

•3 

Av. 

.91 

0 

10-41 

1-75 

1-41 

•05 

1-91 

1^0 

135 

316 

2-55 

•15 

1-43 

1-16 

710 

4^5 

113 

0^1 
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Table  V.     Renal. 


Lead   /. 

Lead 

II. 

Lead 

///. 

P 

Q 

R 

S 

T 

U 

P 

Q 

R 

a 

T 

U 

p 

Q 

R 

S 

T 

U 

1 

•75 

0 

5 

2-5 

2 

0 

2 

0 

7-5* 

0 

3 

0 

1-5 

0 

5* 

0 

1 

0 

2 

1-5* 

1 

10 

2 

4 

•3 

2 

•5 

16 

1 

2 

0 

1* 

1-5 

12 

0 

—2 

0 

3 

1 

0 

5 

3-5 

1-5 

0 

2 

2 

20 

0 

•5 

0 

•75 

2-5 

25 

0 

— 5 

0 

4 

1-5* 

0 

8 

0 

2-5 

0 

1-5* 

0 

6 

2 

1-5 

0 

1* 

0 

1 

7 

,r 

0 

5 

2 

0 

12 

0 

1 

0 

3* 

0 

20 

0 

1-5 

0 

1* 

0 

4 

2 

—1 

0 

6 

2* 

0 

9 

0 

1 

0 

■75. 

0 

9 

6 

1 

0 

-1.5. 

0 

2 

10 

15 

•3 

7 

1* 

0 

8 

0 

1 

0 

■5 

0 

8 

1 

1 

0 

— 0 

0 

1 

3-5 

•75 

0 

Av. 

1-39 

014 

814 

114 

1-86 

0-04 

1-68 

0-36 

12-36 

1-44 

1-50 

0-0 

0-46 

0-57 

7-14 

3-21 

— 11 

0-04 

Table    VI.      Congenital   heart   disease. 

(Thrill  at  ptjlmonaky  cortilaoe). 


Lead   /. 

Lead 

//. 

;.ead 

III. 

P 

Q 

R 

S 

T 

U 

P 

Q 

R 

S 

T 

U 

P 

Q 

R 

S 

T 

U 

1 

1 

0 

10 

0 

1-5 

-3 

1 

0 

20 

2 

1-5 

0 

1 

0 

8 

3 

1 

0 

2 

1-5 

1 

6 

42 

5 

0 

2 

1 

9 

0 

—2 

0 

— 1 

4 

45 

3 

—7 

0 

3 

2* 

0 

6 

17 

2-5 

0 

3* 

1 

7 

4 

2-5 

0 

•5* 

5 

20 

0 

•5 

0 

4 

1 

1 

6-5 

7 

3 

0 

■5 

1 

18 

12 

2 

0 

—5 

3 

17 

7 

— 1 

•3 

5 

1 

0 

4 

20 

4-5 

•5 

2 

0 

15 

4 

1 

0 

1-5 

2 

26 

0 

—4 

0 

6 

2* 

0 

7 

10 

3 

•5 

3* 

0 

12 

4 

2-5 

•3 

1-5* 

1 

13 

0 

— 1 

•3 

7 

2* 

0 

4 

16 

1 

•5 

6 

2 

11 

0 

1 

•5 

5 

4-5 

24 

0 

■5 

•5 

8 

2 

0 

-5 

14 

1-5 

0 

2 

1 

5 

5 

2 

•3 

•5* 

1-5 

14 

0 

•5 

0 

9 

1* 

2 

12 

0 

1-0 

0 

1* 

0 

21 

9 

3 

0 

2* 

0 

19 

21 

6 

0 

10 

1* 

0 

6 

3 

2 

0 

1* 

1 

16 

0 

1-5 

0 

11 

1 

0 

10-5 

9-5 

1 

0 

1 

1-5 

13 

1-5 

2 

0 

1 

0-5 

16 

2 

2 

0 

12 

1 

•5 

4-0 

17 

2-5 

0 

3 

1 

8 

3 

-1-5 

0 

2 

1-5 

18 

0 

—4 

0 

Av. 

1-41 

0-41 

0-41 

13-86 

2-45 

0-16 

2-12 

0-71 

12-08 

3-96 

1-33 

0-0!1 

1-21 

2-50 

19-67 

30 

-•42 

0-09 

*The  summits  or  depressions  so  marked  were  double  or  notched. 
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NoA\'  changes  in  the  electrocardiogram  may  be  due  not  only  to  unilateral 
hypertro^jhy,  but  to  displacement  and,  as  is  well  known,  the  changes  in 
displacement  of  the  apex  towards  the  left  are  not  dissimilar  to  those  supposed 
to  represent  an  increase  in  the  left  muscle  ;  similarly  for  the  right  side.  It 
might  be  held  therefore  that  the  signs  under  consideration  are  in  reality 
due,  not  to  unilateral  h\']:)ertrophy,  but  to  alteration  of  the  position  of  the 
heart  as  a  consequence  of  hypertrophj'. 

This  view  is  to  my  mind  untenable,  and  for  tw  o  reasons.  First,  in 
frequent  instances,  the  degree  of  change  cannot  be  accounted  for  by  dis- 
placement. If  B  is  represented  by  the  values  5,  10  and  5  in  the  three  leads 
respectively,  the  electric  axis  of  the  heart  to  a  horizontal  line  drawn  through 
the  shoulders  is  according  to  Einthoven  and  his  collaborators  60°.  Such 
values  as  are  in  the  ratios  of  — 5,  5,  10,  respectively,  in  the  same  leads, 
would  indicate  an  angle  of  120°,  and  these  values  are  not  uncommonly 
expressed  in  cases  of  mitral  stenosis.  Assuming  the  same  original  angle  in 
the  two  series  of  patients,  an  average  displacement  of  60^  to  the  right  of  the 
heart's  axis  must  be  postulated  in  the  series  with  mitral  stenosis.  Such 
displacement  as  a  result  of  change  of  form  is  hardly  conceivable. 

Secondly,  if  the  curve  is  altered  by  displacement  the  axis  for 
the  several  deflections  should  be  similarly  altered.  If  we  compare  normal 
curves  with  those  obtained  from  cases  of  aortic  disease,  it  is  found  that, 
upon  the  assumption  of  displacement,  while  the  axis  for  M  is  generallj-  moved 
to  the  left,  the  axis  for  T  is  generally  moved  to  the  right.  For  R  increases 
in  Lead  /,  and  diminishes  in  Lead  ///,  while  there  is  a  decrecise  of  T  in  Lead  / 
and  a  relative  increase  in  Lead  III. 

Clinical  and  post-mortem  observatioks. 

In  searching  past  writings  for  records  of  the  relative  condition  of  the 
two  ventricles  in  different  tj'pes  of  disease  which  are  associated  with  hj-per- 
troph}-,  one  is  met  by  the  primary  difficult}'  that  the  majority  of  observers 
have  been  content  to  record  their  general  experiences,  or  to  report 
the  condition  of  the  right  and  left  muscle  as  it  appears  to  them  upon 
opening  the  cavities  of  the  heart.  Mau}-  of  these  observations  have  been  of  a 
cursory  kind  and  the  evidence  produced  is  of  a  not  very  convincing  order. 
It  maj'  be  true  that  mitral  stenosis  is  associated  with  preponderance  of  the 
right  ventricle,  and  aortic  disease  and  renal  disease  with  preponderance  of  the 
left ;  yet  it  is  no  easy  task  to  find  convincing  proof  of  these  conclusions  in 
clinical  writings  of  the  past.  It  seems  to  me  essential  that  the  question  of 
hypertrophy  and  its  associations  with  valvular  disease  should  be  placed 
once  and  for  all  upon  a  scientific  basis  and  that  a  method  of  much  greater 
exactitude  than  those  customarU}'  practised  in  the  post-mortem  room  should 
be  devised.  For  experience  has  shown  me  that  inspection  of  the  heart  in 
the  fresh  state,  even  when  the  organ  is  cut  in  several  planes  (Fig.  6),  provides 
a  very  imperfect  measure  of  the  degree  of  hypertrophy  of  the  muscle  and  of 
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its  relative  excess  in  one  or  other  chamber.  The  evident  fallacies  which  may 
creep  in  have  been  considered  very  fully  by  Miiller,  and  I  shall  not  pursue 
this  subject  further  than  to  endorse  his  opinion  that  only  such  data  are  reliable 
as  are  gathered  from  careful  dissection  and  weighing  of  the  muscle. 

Method  of  loeighing.  A  method  of  weighing  the  muscle  of  the  right  and 
left  heart  has  been  described  by  Miiller,  but  is  I  thinic  less  reliable  than  that 
which  I  adopt.  Miiller's  hearts  were  cut  in  the  fresh  state  and  the  lines 
of  the  cuts  are  described  in  insufficient  detail.  The  technique  of  the  present 
plan  is  as  follows:  The  heart  after  removal  of  the  parietal  pericardium  and  great 
vessels  is  weighed  and  is  fixed  in  10*^^  formalin  for  from  four  to  seven  days 
according  to  its  size  and  in  a  distended  condition  ;  it  is  then  washed  in 
running  water  for  24  to  48  hours  and  placed  in  70%  spirit.  At  the  end  of  a 
week  the  pericardium  and  the  whole  of  the  subendocardial  fat  and  coronary 
vessels  are  removed  by  careful  dissection  until  the  intact  ventricular  muscle 
is  everywhere  displayed  ;  the  valves  and  chordse  tendinese  are  removed  and 
also  all  trace  of  adherent  clot,  be  it  of  ante-  or  ijost-mortem  origin. 

The  separation  of  the  chambers  of  the  ventricle  is  accomplished  by  a 
series  of  incisions  (see  Fig.  4).  Large  hearts  are  first  bisected  horizontally 
and  the  cuts  in  the  upper  2iortion  of  the  ventricles  are  subsecpiently  produced 
to  the  lower  portion.  The  first  incision  is  made  parallel  to  the  septum  and  at 
its  junction  with  the  right  wall  above  and  posteriorly  ;  as  much  of  the  right 
wall  as  is  necessary  is  taken  in  to  make  the  cut  tangential  to  the  septum 
where  it  joins  the  wall.  This  cut  is  continued  downwards  and  should 
separate  from  the  septum  all  loose  ventricular  trabiculae  and  the  papillary 
muscles.  The  second  cut  runs  along  the  straight  white  fibrous  line  which 
unites  the  infimdibulum  to  the  septum  and  left  ventricle  ("  conus  tendon  ") 
and  is  carried  downwards  so  as  to  separate  all  loose  ventricular  trabiculae, 
the  representative  of  the  moderator  band  and  papillary  muscles.  On 
the  anterior  surface  of  the  heart  it  lies  in  the  inter-ventricular  sulcus 
throughout  its  course,  until  it  joins  the  posterior  cut.  If  the  cut 
has  been  made  sufficiently  generously  it  loosens  the  infundibulum  as  a 
complete  muscular  tube.  The  two  cuts,  prolonged  to  the  apex  of  the  ventricle 
should  take  away  the  whole  of  apical  trabeculated  portion,  leaving  no  deep 
sulci  upon  the  septal  wall. 

The  third  incision  is  made  parallel  to  the  first  at  the  junction  of  left 
wall  with  septum  above  and  posteriorly,  and  in  such  a  line  that  it  falls 
tangentially  to  the  cavity  of  the  left  ventricle  at  the  centre  of  the  septum  ;  it 
passes  into  the  second  cut  in  front  at  approximately  the  centre  of  the  white 
line  and  continuing  downwards  separates  the  left  ventricle  from  the  septum 
in  such  a  fashion  that  the  former  remains  an  almost  enclosed  chamber  from 
above  downwards  ;  that  is  to  say  the  vertical  opening  in  the  left  ventricle 
which  this  septal  cut  makes  is  at  the  most  1  or  2  cm.  in  breadth. 

The  three  portions  of  the  ventricle  are  then  laid  in  water  and  are  weighed 
separatel}',  the  weighing  being  rejieated  at  intervals  of  24  hours  until  the 
weights   are   constant   from   day   to   day.     Preliminary  observations   upon 
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intact  liearts  showed  that  the  original  weight  of  the  muscle  is  restored  with 
sufficient  precision  in  this  fashion.* 

The  method  allows  a  full  examination  of  each  heart  during  the  progress 
of  the  dissection.  In  cases  where  it  is  thought  desirable  to  preserve  the 
region  of  the  auriculo-ventricular  node  and  bundle  for  microscopic  examina- 
tion, this  end  may  be  attained  by  leaving  the  desired  portion  of  the  auricular 
septum  in  union  with  the  ventricular,  a  separate  portion  of  the  auricular 
wall  of  the  same  approximate  size  being  weighed  and  subsequently  subtracted 
from  the  septum  to  obtain  a  truer  septal  weight.  This  procedure  has  been 
adopted  in  a  few  instances  in  the  present  series. 

In  the  tables  which  follow,  I  give  amongst  other  details  the  weight  of  the 
heart.  This  represents  the  whole  heart  weight  with  vessels  cut  short  and 
parietal  pericardium  removed,  and  may  be  serviceable  to  those  who  are 
accustomed  to  express  the  mass  of  the  heart  in  this  fashion,  inaccurate 
though  it  be.  I  give  also  the  combined  and  separate  weights  of  the  two 
ventricles  and  sej^tum  and  a  further  column  in  which  the  ratio  of  left  and 
right  is  indicated.  To  obtain  this  index  I  neglect  the  septal  weight  and 
divide  the  weight  of  the  left  by  that  of  the  right  ventricle. 

Normal  subjects  :    comparison  with  Mvller^s  metJiod. 

Miiller  gives  on  page  214  of  his  thesis,  a  summary  of  his  observations. 
He  finds  the  average  weight  of  the  ventricular  muscle  in  154  unselected 
males  of  weights  varying  from  40-50  kilos,  to  be  194-8  grammes,  for  137 
females,  179-3  grammes. 

For  comparison  Avith  these  figures,  I  give  two  control  tables  of  selected 
cases  (Table  VII  and  VIII).  The  first  is  from  11  patients  who  died  of 
carcinoma.  They  were  for  the  most  part  males  and  the  body  weight  averaged 
49-4  kilos.  The  ventricular  weight  averaged  148-7  grammes,  a  figure  con- 
siderably below  that  foimd  by  MiiUer.  That  the  difference  is  not  the  result 
of  accident  is  shown  by  my  second  table  of  controls,  which  includes  12 
subjects  dying  of  acute  disease  or  accident  and  in  which  the  average 
ventricular  weight  is  156-1  grammes.  I  attribute  the  lower  ventricular 
weights  of  these  tables  to  two  causes,  first  the  care  with  which  the  muscle 
fibres  were  laid  bare  and  freed  from  fat,  &c.,  and  second  to  the  nature  of 
Miiller's  subjects,  for  a  great  number  of  them  must  unquestionably  have  had 
hypertrophy  of  the  heart. 

Miiller  also  expresses  the  ratio  of  right  and  left  ventricular  weights  ; 
for  this  purjjose  he  divides  the  weight  of  the  septum  by  calculation,  apportions 
some  to  right  and  some  to  left  ventricle,  dividing  the  combined  right  weights 
by  the  combined  left.  For  purposes  of  comparison  I  give,  in  additional 
columns  in  these  two  tables,  the  ratio  as  calculated  by  Miiller's  method. 
The  average  values  for  the  tables  are  -552  and  -565,  respectively.    Miiller's 

*  Naturally  there  is  an  increase  of  weiglit  in  the  formalin  stage ;    a  loss  of  weight  in  the 
alcohol  stage  and  a  final  gain  of  weight  when  the  heart  lies  in  water. 
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average  figures  for  males  and  females  of  these  weights  are  -517  and  -522, 
respectively.  The  divergence  in  our  results  from  this  standi^oint  is  not  great 
therefore.  Such  divergence  as  exists  is  due  to  the  methods  of  dividing  the 
muscle.  In  the  method  which  I  describe,  the  cuts  are  more  generous  to  the 
side  walls  of  the  ventricle,  and  this  is  very  apparent  uj^on  comparison  of  his 
tables  and  my  own,  for  my  septal  weights  are  low  by  comparison.  The  ratio 
R/L  is  greater  in  my  tables  than  in  Miiller's  and  this  is  due  I  think  to  the 
inclusion  of  the  whole  of  the  trabecular  network  of  the  right  ventricle  in  my 
right  ventricular  weights.  The  comjiarison  between  Miiller's  tables  and  my 
own  shows  that  in  respect  of  the  relative  weights  of  right  and  left  ventricle, 
the  average  values  for  normal  subjects  is  fairly  constant,  and  that  with  small 
corrections,  Miiller's  figures  may  be  utilised  if  desired  as  a  basis  for  abnormal 
hearts  dissected  in  the  manner  I  describe.  Speaking  with  Miiller's  material 
and  my  own  in  view,  the  average  ratio  L/R  for  a  small  series  of  normal  subjects 
will  not  vary  beyond  the  limits  1-7  and  1-0.  The  average  for  a  larger  series  will  lie 
in  the  immediate  neighbourhood  of  1-8  ;  that  is  to  say,  the  left  ventricle  is 
1-8  times  as  heavy  as  the  right.  Tlie  individual  numbers  of  a  series  naturally 
vary  to  a  considerable  extent  ;  thus  Table  VII  shows  a  variation  from  1-47 
to  2-06;  and  Table  VIII  a  variation  from  1-57  to  2-18.  Such  variations 
must  be  regarded  as  natural  variations  of  normal  subjects  ;  for  Miiller's 
tables  show,  even  for  newborn  children  and  foetuses  of  the  last  months  of 
pregnancy,  variations  of  50%  or  more.  The  ratio  L/R  in  its  relation  to 
valvular  disease  must  be  studied,  therefore,  in  the  average.  The  variation 
of  L/R  as  a  natural  phenomenon  is  of  interest  in  view  of  the  electrocardio- 
graphic material  collected  by  Gilder  and  myself.''  We  found  in  a  number 
of  apparently  healthy  students  great  variations  in  the  types  of  curve  obtained 
in  the  several  leads,  and  divided  the  curves  of  our  series  into  those  which 
might  be  held  to  represent  right  and  left-sided  ventricular  preponderance. 

Pathological  subjects. 

The  general  plan  of  my  observations  has  been  to  compare  the  physical 
signs  during  life  with  the  weights  of  the  muscle  after  death.  The  majority 
of  the  subjects  included  in  the  remaining  tables  were  examined  by  me 
personally  on  a  single  occasion  a  few  weeks  or  months  before  death,  though  a 
large  number  were  examined  on  several  occasions  and  notes  of  other  observers 
were  usually  available.  The  physical  signs  to  which  special  attention  was 
paid  were  those  stated  to  be  serviceable  in  the  differentiation  of  right  or  left 
hypertrophy,  and  those  which  might  be  of  value  in  ultimately  deciding  the 
cause  of  the  hypertrophy.  The  limits  of  heart  dulness,  the  areas  and  nature 
of  pulsations  and  shocks,  the  character  of  the  heart  sounds  and  murmurs, 
were  signs  universally  noted.  The  action  of  the  heart  was  recorded  graphi- 
cally when  evidently  abnormal.  The  systoHc  blood  pressure  was  always  taken 
in  several  readings  with  a  Riva-Rocci  apparatus.  The  arteries  were 
examined  for  thickening  of  their  walls. 
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At  the  post-mortem  cxcamination  special  attention  was  given  to  the 
condition  of  the  kings,  pleurae,  ijericardium,  arteries  and  kidneys,  sections 
being  cut  in  almost  every  case  from  the  last-named  organs.  The  general 
results  of  these  observations  are  tabulated  with  the  heart  weights,  though  I 
omit  the  detailed  physical  signs. 

Observations  upon  the  value  of  certain  physical  signs.  After  a  close 
clinical  examination  of  some  80  cases  of  hypcrtrojihy  of  the  heart  and  after 
comparing  my  notes  with  the  weights  of  the  se^jarated  chambers,  I  am 
compelled  to  conclude  that  such  physical  signs  as  are  customarily  utilised 
to  differentiate  left  from  right  hypertrophy  have  little  or  no  scientific 
value,  \^^lile  preponderance  of  one  or  other  ventricle  can  be  correctly 
surmised  in  some  70%  or  more  of  these  patients  before  death,*  it  may  be  that 
such  tests  as  are  usually  employed  have  a  clinical  value.  As  criteria  in 
studying  pathological  processes  they  are  cpiite  unreliable. 

I  may  exemphfy  these  remarks  by  two  illustrations.  Amongst  the 
physical  signs  vaunted  as  evidences  of  hj^iertrophy  of  the  right  ventricle, 
none  jjerhaps  commands  greater  respect  at  the  present  time  than  pulsation 
in  the  epigastrium.  I  have  examined  this  sign  somewhat  minutely,  attending 
to  two  separate  phenomena,  each  of  which  when  jiresent  is  cpiite  unmistake- 
able.  I  refer  to  pulsation  visible  to  the  observer  as  he  watches  the  ei^igastrium 
in  a  patient  who  lies  in  bed,  and  to  the  thrust  of  the  heart,  which  may  be  felt 
by  the  hand,  pressed  backwards  and  it  may  be  a  httle  upwards  or  to  the  left 
from  the  same  region.  My  results  as  they  were  obtained  in  53  subjects  are 
given  in  the  accomjaanying  table  (Table  IX).  This  table  is  divided  to  show 
the  relation  which  right  ventricles  of  different  weights  have  to  the  signs  in 
question  ;  such  evidence  as  it  presents  is,  if  anything,  in  a  direction  contrary 
to  that  anticipated. 

Table  IX. 
Epigastric  signs  of  right  hypertrophy  (53  cases). 

Under 

Weight  of             80  grammes.  80-100  100-150  Over  150 

right  ventricle.           Epigastric  Epigastric  Epigastric  Epigastric 

PiJse            Thrust  Piilse            Tlirust  Pulse            Thrust  Pulse  Thrust. 

Absent               8(42%)      11(58%)  3(20%)        5  (;iGOo)  6  (37-5%)  10  (59%)  0         3 

Present              5(20%)        4(21%)  4(21%)        5(36%)  4(37-5%)    2(12%)  1 

Conspicuous     6(32%)       4(21%)  8(53%)       4(28%)  6(24%)       5(29%)  1 

Total  19  19  15  14  16  17  2         3 


Of  a  forcible  and  thrusting  maximal  impulse,  displaced  perhaps  down- 
wards and  to  the  left,  as  a  clinical  test  of  left  hypertrophy,  one  may  speak 
more  favourablv.     It  has  been  found  for  the  most  part  in  patients  who  have 

*  I  question  if  it  is  correctly  surmised  in  this  percentage  without  the  help  which  knowledge 
of  the  valve  lesions  brings. 
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subsequently  shown  enlarged  left  ventricles,  though  not  exclusively.  As  a 
sign  of  left  preijonderance  it  has  far  less  value.  A  most  notable  instance 
of  the  unreliability  of  tiiese  phj^sical  signs  utilised  as  tests  in  pathological 
studies,  may  be  cited  in  CASE  74,  Table  X.  The  post-mortem  revealed  a 
remarkable  condition  ;  a  left  ventricle  of  132  grammes  (normal  120-7, 
Miiller),  not  materially  enlarged  for  a  man  of  69  kilos.,  apiiearing  as  an 
api^endage  of  an  enormous  right  chamber  of  411  grammes  (normal  66- 1, 
Miiller).  The  most  prominent  pulsation  before  death  was  a  heaving  impulse 
in  the  6th  left  space,  5J  inches  from  the  mid-line  and  due,  as  events  showed, 
to  the  right  ventricle,  which  formed  the  apex  of  the  heart  (see  Fig.  2  and  3)  ; 
of  epigastric  pulse  or  thrust  nothing  could  be  detected. 

These  facts  are  of  importance  because  in  judging  of  the  relation  of  new 
physical  signs  to  hypertrophy  of  one  or  other  chamber,  it  is  permissable  to  be 
guided  only  by  signs  which  have  been  proved  by  investigation  of  chamber 
weights  to  be  invariable  or  almost  invariable  evidences  of  the  conditions  to 
which  they  may  be  thought  to  bear  witness. 

Mitral  stenosis.  Weights  of  the  ventricles  have  been  taken  from  33 
cases  of  mitral  stenosis  in  aU.  The  details  of  these  cases  are  to  be  found 
in  Tables  X,  XI  and  XII.  The  average  weightof  the  ventricles  is  270- 3 grammes 
(normal  for  females  208-3,  and  for  males  232-9  grammes,  Miiller,  for  bodies  of 
50-60  kilos.).  The  average  relation  of  L/R  is  1-73,  a  figure  which  does  not 
vary  greatly  from  normal.  The  average  figures  of  this  series  show  hj^per- 
trophy  of  the  whole  heart,  which  is  relatively  more  conspicuous  in  the  right 
chamber.  Of  the  33  cases,  17  had  aortic  disease  also,  the  aortic  lesions  being 
slight  in  6  instances  and  considerable  in  11.  The  remaining  16  cases  (mitral 
stenosis)  show  an  average  L/R  ratio  of  1-55.  But  even  this  figure  is  too  high 
a  value  to  associate  with  the  valve  lesion  pure  and  simple  ;  it  is  raised  by  the 
inclusion  of  CASES  9,  11,  12,  13,  14,  15  and  16.  These  patients  had  either 
renal  lesions  or  high  blood  jiressure.  An  examination  of  Table  X  shows 
quite  clearly  that  mitral  stenosis  is  responsible  for  considerable  preponderance 
of  the  right  ventricle  and  that  on  the  whole  the  degree  of  preponderance 
runs  hand  in  hand  with  the  degree  of  mitral  constriction.  In  all  instances 
of  mitral  stenosis  the  diastohc  size  of  the  mitral  orifice  was  measured  post- 
mortem and  the  cases  of  Table  X  are  arranged  according  to  the  degree  of 
constriction.  It  is  in  the  young  subject  with  greatly  constricted  orifice 
that  the  greatest  preponderance  of  the  right  ventricle  is  seen.  In  six  cases 
of  mitral  stenosis  dissected  and  weighed  by  Hirsch-  by  MiiUer's  method,  the 
average  value  of  L/R  was  1-00  ;  the  ventricles  had  on  an  average  equal 
weights. 

If  we  take  a  series  of  cases  of  mitral  stenosis,  especially  if  such  a  series 
is  uncomplicated  by  aortic  valve  lesions,  or  high  blood  pressure,  we  may  be 
certain  that  we  shall  deal  with  a  series  in  which  there  is  an  average  relative 
preponderance  of  the  right  ventricle.  Average  electrocardiographic  curves 
of  cases  of  this  kind  show  Einthoven's  sign  of  this  preponderance  (Fig.  1). 
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omatous,    coronary     orifices 
narrowed.    A  few  pericardial 
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adherent.          Pericard.     and 
lungs  nil.     Uricmia.   (A.F.) 
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But  we  are  not  to  expect  the  sign  in  all  eases  of  the  series,  for  the  ratio 
L/B.  is  very  variable  for  different  members  of  the  series  ;  instances  of  mitral 
stenosis  in  which  there  is  a  relative  preponderance  of  the  left  ventricle  are 
by  no  means  uncommon  ;  and  no  factor  appears  to  be  more  potent  in 
reversing  the  preponderance  than  raised  arterial  tension  (see  Table  X).  In 
six  cases  of  mitral  stenosis,  with  systohe  blood  pressure  of  ISO  mm.  Hg.  and 
over,  the  ratio  L/R  was  on  the  average  2-75. 

Aortic  disease.  My  tables  include  30  cases  in  which  aortic  lesions  were 
present.  Seventeen  of  these  were  cases  (Table  XI  and  XII)  compUcated 
by  mitral  stenosis  in  greater  or  less  degree.  For  the  whole  series  of  aortic 
cases,  the  average  ventricular  weight  was  343-2  grammes  ;  the  ratio  L/R  was 
2-00.  In  13  cases  of  aortic  disease,  uncomphcated  by  mitral  stenosis  (Table 
XIII)  the  ventricular  weights  averaged  421-7  grammes  and  L/R  was  2-15. 
But  as  in  mitral  stenosis  individual  values  of  L/R  are  very  variable  and  even 
in  uncomphcated  aortic  disease  L/R  often  falls  within  normal  Umits  or  may 
indicate  a  relative  excess  of  the  right  muscle.  These  facts  and  the  lesser 
divergence  of  L/R  from  the  normal  in  aortic  cases,  as  opposed  to  mitral 
stenosis,  harmonize  with  electrocardiographic  observations  upon  similar  series 
of  patients.  Because  a  patient  has  aortic  mischief,  Einthoven's  sign  of  left 
preponderance  cannot  be  anticipated  ;  it  may  be  predicted  only  in  the 
average  curve  of  a  series  of  such  cases. 

While  2-00  is  the  ratio  of  L/R  for  all  my  aortic  cases,  four  of  these 
patients  who  exhibited  high  blood  pressure  gave  an  average  of  2-62  for 
L/R.     The  average  value  in  eight  aortic  cases  recorded  by  Hirsch  was  2-62. 


ElECTEOCAKDIO GRAPHIC   CURVES   A^D    POST-MORTEM 
OBSERVATIONS. 

The  observations  which  I  have  so  far  recorded  were  undertaken  because 
the  electrocardiographic  curves  often  seemed  incompatible  with  other 
physical  signs  as  they  are  understood  to-day.  Investigation  has 
thrown  doubt  upon  the  value  of  these  signs  ;  and  has  clearly  shown 
the  wide  variation  from  right  to  left  preponderance  which  may  occur  in 
individual  cases  of  a  given  form  of  valvular  disease.  In  brief,  the  electro- 
cardiographic signs  in  various  forms  of  valvular  affections  are  by  no  means 
incompatible  with  our  knowledge  of  h}iiertrophy  in  these  conditions.  On 
the  other  hand  there  appears  to  be  harmon}'. 

Evidently  the  question  may  be  put  to  more  direct  tests  ;  a  comparison 
of  curves  and  weights  from  the  same  cases  is  eminently  desirable.  Such  a 
comparison  is  to  be  seen  in  the  ten  cases  of  Table  XIX.  The  cases  have 
been  tabulated  from  above  downwards  in  the  order  determined  by  the 
measurements  of  the  electrocardiograms.     The  first  cases  presented  curves 
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Arteries  and  coronaries  very 
fair.        Lungs,    pericardium, 
plourm  nil. 
Cardiac  failure.      (A.F.) 

Slight   atheroma,   aorta  and 
coronaries.       Lungs,    pleura), 
jKiricard.  nil.   Uraemia. 

Very    atheromatous    arteries 
ami     coronaries.           Lungs, 
jilciu-iD,  poricard.  nil. 
Curdiao  failure. 

Aiirta  atheromatous. 
Ccironaries   nil. 
Lungs,    pleura),    pericardium 
nil.     Pneumonia. 
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Syphlitic.   Advanced  sclerosis 
of  aorta.   Pericardium,  lungs, 
jjlouraj  nil.    Cardiac  failure. 

Sy])hlitic.  Advanced  sclerosis 
of   aorta.       Pericard.,    lungs, 
jili'iirai  nil.   Cardiac  failure. 

Artorios  atheromatous. 
luiiphysoma,     old     tubercle. 
J^ricardium,    pleurae   nil. 
Cardiac  failure. 
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showing  Einthoven's  sign  of  left  preponderance,  the  last  case  the  curves  of 
right  preponderance.*  For  comjiarison  with  these  curves  I  give  the  muscle 
weights  and  the  ratio  L/R  in  a  separate  column. 

With  two  minor  exceptions  the  order  of  the  ratio  L/R  is  the  anticipated 
order.  Considering  the  variations  to  which  the  position  of  the  hypertrophied 
heart  is  subject  and  the  natural  variations  in  the  arrangement  of  its  fibres 
from  organ  to  organ,  the  correspondence  between  the  electrocardiographic 
signs  and  the  muscle  weights  is  remarkably  close. 

General  remarks  upon  hypertrohpy. 

As  has  been  said,  my  object  in  undertaking  the  work  which  is  here 
recorded,  was  to  investigate  the  value  of  certain  electrocardiographic  signs 
of  hypertrophy,  and  to  compare  such  signs  with  those  now  in  general  use 
as  bedside  tests.  The  results  in  so  far  as  they  affect  these  questions  have  been 
discussed  and  we  have  seen  that  the  observations  lend  distinct  sujiiJort 
Einthoven's  views  ;  we  have  seen  too  that  they  give  prominence  to 
Einthoven's  signs  as  tests  of  the  pathological  changes  when  the  value  of 
these  signs  is  weighed  against  that  of  other  chnical  tests.  IMany  of  the 
latter  are  unquestionably  worthless  for  exact  work.  My  remarks  should 
perhaps  end  at  this  point ;  yet,  with  the  present  collection  of  material  I 
cannot  refrain  from  offering  some  general  observations  upon  hypertrophy. 

In  the  foreground  I  would  jilace  a  fact  which  has  become  increasingly 
apparent  as  these  studies  have  progressed.  It  is  that  in  studying  hypertrophy, 
the  usual  method,  simple  inspection  of  the  organ,  is  quite  insufficient  and  that 
a  method  of  weighing  the  muscles  of  the  separate  chambers  is  alone  reliable. 
In  expressing  this  opinion  I  am  but  reiterating  the  views  of  INIiiller  who 
first  adopted  this  method,  and  of  others,  such  as  Krehl,^  who  have  devoted 
much  attention  to  the  subject.  Yet  the  method  of  weighing  has  not  been 
adopted,  as  I  think  it  should  have  been,  in  pathological  departments  of 
teaching  institutes,  neither  is  it  employed  by  those  who  infer  a  large  personal 
experience  of  hjrpertrophy  in  its  relation  to  valve  or  renal  defects.  Repeated 
opportunities  of  comparing  the  actual  weight  of  the  ventricles  with  recorded 
opinions  of  the  separate  muscle  masses,  gauged  by  inspection,  leads  me  to 
attach  but  Uttle  value  to  such  opinions.  Since  our  present  day  conceptions^ 
of  clinical  hypertrophy  are  based  almost  exclusively  ujjon  observations  of 
this  kind,  the  need  of  extensive  and  accurate  measurements  and  of  an 
unbiassed  revision  of  these  conceptions,  becomes  very  evident. 

The  view  that  hypertrophy  is  secondary  to  increased  work,  and  that 
such  hyiaertrophy  is  manifested  by  those  heart  chambers  upon  which  the 
increased  burden  falls,  is  paramount  to-day.  That  increased  work  is 
followed  by  hypertrophy  of  the  heart  muscle  which  experiences  it  I  do  not 

*  The  arrangement  is  controlled  by  the  following  arbitrary  formula    ( K'    minus   iJ')    + 
(S'  minus  S^)  where  R  and  S  represent  the  heights  of  the  peaks  in  the  leads  indicated. 

•f  A  broad  and  very  accurate  account  of  hypertrophy  general  has  been  written  by  KrehP. 
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deny  ;  that  such  is  the  case  has  been  clearly  shown  by  experiments  which 
admit  no  serious  fallacy^*''.  The  theor\'  finds  full  support  in  cUnical 
observations  upon  mitral  stenosis,  such  as  these  now  presented.  But  that 
change  in  the  mechanical-conditions  of  the  circulation  are  the  sole  or  even 


Table  XX. 
The  averages  of  tables  VII-XVIII. 


Dlsewe. 

No. 

of 

Cases. 

Body 
weight 

Heart 
weight. 

Vent 

R, 

L. 

s. 

5: 

Mitral  stenosis 

16 

53-7 

488 

256-7 

97-3 

117-0 

42-4 

1-55 

Mitral  stenosis  and  slight  aortic  disease 

6 

— 

492 

242-8 

69-2 

137-0 

36-6 

2-23 

Mitral  stenosis  £ind  aortic  disease 

11 

58-7 

520 

305- 1 

94-0 

162-3 

48-8 

1-89 

All  mitral  stenosis  cases 

33 

50-4 

500 

270-3 

91-1 

135-7 

43-5 

1-73 

Six  of  these  cases  with  B.P.  of  ISO  or 
over 

6 

53-4 

524 

307-6 

68-6 

185-9 

53-1 

2-75 

Aortic  disease  alone 

13 

660 

713 

421-7 

112-7 

241-7 

67-3 

2-15 

All  aortic  cases 

30 

61-5 

598 

343-2 

97-2 

191-6 

54-4 

2-00 

Four  aortic  cases  with  B.P.  of  180  or 

over 

4 

78-6 

521 

288-5 

69-7 

172-2 

46-5 

2-02 

Interstitial  nephritis  (advanced) 

10 

07-0 

510 

285-2 

84-2 

154-5 

4G-5 

187 

Four  of  these  cases  with  B.P.  of  180  or 
over 

4 

?88-9 

520 

287-6 

81-6 

157-6 

48-6 

1-94 

Interstitial  nephritis  (less  advanced) 

8 

53-0 

612 

352-3 

94-6 

204-7 

53-0 

2-17 

Four  of  these  cases  with  B.P.  of  ISO 
or  over 

4 

.")^-r. 

('.r>ii 

2T1-2 

99-5 

213-5 

58-2 

216 

Renal  cases  of  less  defined  ti.'pe 

9 

741 

550 

314-4 

94-7 

170-8 

48-9 

1-91 

All  renal  cases 

27 

64-5 

556 

314-8 

90-S 

174-8 

49-3 

1-97 

All  patients  (15)  with  B.P.  of  180  or 
over 

1.3 

670 

569 

320-8 

82-4 

185-6 

52-8 

2-31 

Cancer  controls 

11 

4'J-4 

304 

148-7 

44-2 

81-4 

23-1 

1-83 

Controls 

12 

40-6 

2S5 

156-1 

46-7 

82-4 

27-0 

1-79 

the  chief  causes  of  hj-pertrophy  has  not  been  proved.  The  hypertroi)hy 
which  follows  exjjerimental  lesions  of  the  aortic  valves  is  a  hypertrophy 
chiefly  of  the  left  ventricle,  as  Stewart^  has  shown,  but  it  is  ec^ually  clear  from 
his  observations  that  the  degree  of  hj-pertrophy  which  results  from  lesions 
of  this  kind  is  in  no  way  comparable  to  the  hypertrophy  found  in  many 
chnical  instances  of  the  same  defect.  The  average  increase  found  by 
Stewart  in  the  weight,  is  an  increase  of  40%  ;    the  greatest  increase  is  less 
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than  100%.  In  the  human  subject  the  average  increase  is  60%,*  and,  what 
is  of  greater  significance,  it  may  amount  to  280%  or  more.  That  is  to  say, 
while  the  aortic  lesion  may  be  held  fully  to  account  for  the  hj^pertrophy  of 
the  smaller  hearts  so  damaged,  the  mechanical  factor  is  insufficient  to  explain 
those  examples  which  come  within  the  ill-defined  category  of  cor  bovinum. 
While  it  is  impossible,  after  a  close  survey  of  data,  such  as  those  presented  by 
Tables  X  to  XIII  to  deny  that  the  mechanical  cause  is  often  a  most  potent 
one,  and  that  the  degree  of  valve  defect  and  degree  of  hypertrophy  are  often 
parallel,  yet  it  is  impossible  to  overlook  the  frequent  and  considerable 
discrepancies  in  this  relation.  Thus  in  mitral  stenosis  combined  with  aortic 
disease,  the  left  ventricle  is  relatively  more  preponderant  (see  values  L/R 
in  Table  XX)  where  the  aortic  lesion  is  slight  than  where  it  is  severe. 
"  Idiopathic  hypertrophy  "  still  developes  secretly  ;  but  the  term,  or  what  it 
implies,  namely,  hj'pertrophy  of  unkno^^^l  cause,  is  restricted  too  rigidly  to 
hearts  in  which  no  cause  is  apparent.  It  is  not  applied  to  instances  of 
insufficient  cause.  Some  of  the  largest  hearts  discovered  (see  No.  3,  Table 
XVII)  belong  to  the  "  idiojjathic  "  group.  Some  cause  beyond  our  ken  is 
responsible  for  the  great  enlargement  ;  may  not  the  same  unknown  cause 
be  the  chief  cause  in  many  greatly  enlarged  hearts  in  which  the  valve  lesions 
are  comparatively  insignificant  (see  No.  8,  Table  XIII,  and  No.  10,  Table  X)? 
My  plea  is  that  these  questions  should  be  re-opened,  and  studied  upon  a 
more  exact  basis,  and  that  hypertrophy  when  discovered  should  not  be 
attributed  to  this  or  that  mechanical  factor,  until  the  influence  and  degree 
of  influence  of  such  factor  is  fuUy  appreciated. 

Another  feature  of  my  tables  which  deserves  attention  is  the  relative 
frequence  of  general  hypertrophy  of  the  heart.  Hj^Dertrophy  of  the  left 
ventricle  alone  is  seen  in  aortic  disease  only  very  exceptionally,  1  case  in 
13  (No.  11,  Table  XIII)  ;  in  5  cases  of  the  same  series  the  relation  of  left  to 
right  is  within  normal  Umits,  while  in  a  single  instance,  the  right  ventricle 
is  predominant.  Thus  out  of  13  cases,  left  preponderance  is  shown  by  7  only. 
In  simple  mitral  stenosis  the  left  ventricle  is  small  on  the  other  hand  and 
exceptionally  (No.  5,  Table  X)  may  be  reduced  in  weight,  as  Hirsch  has  also 
found.  It  is  in  renal  disease  especially  that  general  and  uniform  hypertrophy 
is  frequently  discovered  (compare  Hirsch's  statements*).  Thus  the  average 
muscle  weight  in  ten  cases  of  advanced  interstitial  nephritis  (Table  XIV) 
was  285  grammes  ;  the  ratio  between  left  and  right  ventricles  averaged 
1-87,  a  normal  figure.  In  aortic  disease  it  is  the  rule  that  the  heaviest  heart 
shows  the  greatest  left  preponderance,  but  in  renal  the  reverse  is  as  often 
the  case.  The  factor  which  immediately  influences  the  size  of  the  heart  in 
renal  disease  still  remains  obscure.  In  my  own  series,  the  ventricles  were 
heavier  in  interstitial  nephritis  of  less  advanced  type  (Table  XV)  than  in  the 
cases  of  reaUy  shrunken  kidney  (in  the  former  352  grammes,  in  the  latter 

*  Muller's  figure  for  the  average  weight  of  the  male  ventricles,  body  weight  60-70  kilo,  is 
266  grammes  ;  ia  13  cases  of  aortic  disease  of  average  body  weight  60  kilo,  it  was  422  grammes. 
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285  grammes).  In  the  third  renal  group  tabulated  (Table  X^T^),  which 
includes  those  of  cliiefly  vascular  origin  the  ventricles  are  heavy  (average 
314  grammes),  but  here  again  the  ratio  of  left  and  right  is  normal  (1-91). 
In  the  complete  series  of  27  renal  cases  the  ratio  is  1-97  ;  a  normal  value. 
Hirsch's  conclusions  and  my  own  are  in  accord  ;  apparently  it  is  not  true  that 
in  patients  djnng  of  renal  disease  the  left  ventricle  is  preponderant  ;  the 
hypertrophy  is  uniform. 

In  producing  preponderance  of  the  left  ventricle  no  factor  seems  more 
potent  than  raised  blood  pressure,  and  this  fact  accords  with  present 
conceptions,  though  so  far  as  I  am  aware  no  exact  observations  have  ever 
been  made  in  this  direction.  Thus  in  15  subjects  who  were  found  to  have 
blood  pressures  of  180  or  more  before  death,  the  ratio  of  left  ventricle  and 
right  was  2-31.  But  if  these  cases  are  sub-divided  some  curious  facts  are 
noticed.  The  group  in  which  the  highest  ratio  is  found  (namely  2-75)  is 
the  group  of  high  pressure  cases  associated  with  mitral  stenosis  ;  next  to  these 
in  order  come  the  pressure  cases  and  aortic  disease  (ratio  2-62)  and  finally 
the  renal  cases  (ratio  2-16  and  1-94). 

This  brief  discussion  may  suffice  to  re-awaken  interest  in  a  subject  which 
to  my  mind  requires  a  far  more  detailed  and  prolonged  stud}'  than  it  has  so 
far  received.  I  am  content  to  note  the  chief  features  exhibited  by  my 
own  tables,  calling  attention  especially  to  observations  which  appear  to  be 
at  variance  with  current  teaching  in  this  country.  Evidently,  before  we  can 
consider  our  knowledge  of  hypertrophy  in  relation  to  valvular  or  renal  disease 
to  be  at  all  complete,  the  number  of  hypertrophied  hearts  studied  must  be 
multiplied. 

Summary  and  conclusions. 

1.  A  method  of  dissecting  and  weighing  the  human  ventricles  is 
described,  which  may  be  adopted  as  a  basis  for  more  exact  measurement 
of  hypertrophy  than  has  hitherto  been  undertaken. 

2.  An  examination  of  the  physical  signs,  checked  by  post-mortem 
observations  leads  me  to  the  conclusion  that  those  signs  which  are  customarily 
emploj-ed  at  the  bedside  are  of  little  real  value  in  differentiating  between 
right  and  left  ventricular  preponderance. 

3.  Einthoven's  signs  of  right  or  left  preponderance  have  much  evidence 
in  their  favour.  The  signs  of  right  preponderance  in  aortic  disease,  or  of  left 
preponderance  in  mitral  stenosis,  occasionally  observed,  are  apparent  rather 
than  real  discrepancies,  for  it  can  be  shown  that  corresponding  predominance 
of  the  muscle  on  one  or  other  side  may  exist  in  association  with  the  valve 
lesions  in  question. 

4.  It  is  probable  that  mechanical  factors  are  by  no  means  the  only 
important  causes  of  hj-pertroph}-  of  the  heart. 
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5.  The  commonest  tj^se  of  hypertrophj'  is  a  uniform  hypertrophy.  In 
renal  disease  this  is  the  rule.  In  aortic  disease  it  is  almost  as  frequent  as  is 
hypertrophy  with  preponderance  of  the  left  ventricle. 

6.  High  blood  pressure  appears  to  be  especially  potent  in  creating 
a  preponderance  of  the  left  ventricle. 
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_■  ;si/,c..  Henrt  T-t  (Tnlilf  X.  No.  lUl.  A  lieart  of  1,1)18  (zniiniiips,  phutiiyrnphed  from  tlip 
liift  sirl..>  mill  fi'oiit.  to  8how  yroit  propoiulwHiif o  of  tlif  rifjlit  votilm-ld,  'I'lin  iiifi.Tvt'iitrii^uliir 
j;ruovi'  ■»  vi-ry  clearly  soon  iti  tlif  lolt  lifliul  fii;»iro  ;  m  tliL'  fiylit  Imml  liyuro  the  right  voiitrick- 
■  ■ci'iijiies  iiliTifist  thp  H'lioU'  |iii.'liirc.  the  li.'(t  vuntriclu  i»  soph  forming  thf  upper  pnrt  nf  tho 
li»[t  Tniir-^iii  of  tlic  Iicnrt.  Thi"  ritilit  vcntriclo  forms  the  lionrt's  npi>x.  Krom  a  case  in  wliich 
II  Ijoaviiii;  flpux  beat  ivaa  present  in  tlio  sixtli  interspaoL',  ami  in  wliidi  Uwso  wore  nuno  of  i.ho 
^^.'co^,^li8o^^  clJaJcal  signs  ot  right  vonti'icular  hyiwrti-opliy.  Slight  mitral  stenosis  and  a 
|iat«cit  fiirninun  ovalo  wore  alono  foiuul,     Tho  lungs  plciinp  and  poricartliuni  «-oro  uornail. 
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c.  Sections  from  tht-  samf  hi-nrt.  Iii  this  nniJ  siibaeqiipnt.  figures  the  vcrtii'iil 
H=L-ii  from  licliinii,  the  horiiiotitol  section  from  iihovo  ;  so  that  the  loft  side  of  tlio  lienct 
i  to  tlio  left  of  llio  j>hotogra|ilii  The  huriaualal  section  whs  takou  flrst  i  the 
nn  siihsequoatly,  tho  looso  pioi'o^  of  tho  liori^iontal  !>i?t]tian  being  fitted  in  positlotk. 
i-i  aliovu  the  v<-rln.-al  aeotmn  iirf  thu  weights  of  tin-  tliri?.,'  soetions  of  llie   veiitrifU's 


Heart  2:1  (Talik>  Xlli,  N...  i.].  ht-ftio 
ly  of  tin.'  heart  with  great  iirrjiundernn 
regargHntiou  of  sypihln.-  origin. 


Ih/art    IS   (Tabli-   N'llI,   Xn. 
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of  the  r. 


'■  1  -■•/>■  l''..iir  horijtontul  swtions  from  us  many  hearts.  Fig.  li  B,  is  from  lioart  la 
I  !  li  Xl\-  X..  :ii.  a  ftiso  of  red  gr.iniiliir  ki<bi«y  w.lli  high  blood  pn-ssiwe.  The  nghl 
Htr.i  li-  iKc  i)liM»st  as  hi-nvy  oa  the  li'(t  ;  that  i«  lo  say  il  showed  n-lativi.'  prepondornnti'. 
'  ■-■  !■  \.  I'  and  D,  nro  pubhahod  to  illiistrntc  the  dillieulty  ut  estimating  tho  aetnul  and 
T.li.tiv..  w.-iwiit^  by  snnple  inspection  of  llie  organ  in  soction.  Fit-.  11  ('.  Heart  53  (Tabln 
XI,  N..  HI  u„s  from  a  cow  of  mitriil  steiioais.  vi^ry  ^llglll  aortic  n-giiigilat.on,  ^.'ranulor 
i.''h...v  „i„l  hi-t,  Idood.prt-asur.-.  There  i-,  great  prf.pnnd.-r.mee  nf  the  k-lt  ^.i.lride  ; 
il..-   n:!!,.,-  ,!...g.eL-  »,  m  the  hcurl  of  Fii;,  1. 
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